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INTRODUCTION 


Progress in our understanding of the nature of man depends to a large 
extent upon a thorough knowledge of man’s nearest animal relations — 
the man-like apes. The latter are modified, diverging, evolutionary 
experiments with the same ancestral stock which has also produced 
man, hence the study of anthropoid apes is bound to reveal many of 
nature’s means and limitations in the creation of mankind. The bio- 
logical investigation of man has been carried to such detail, has been 
undertaken from such a vast variety of points of view and has been 
facilitated by such abundance of material and observations, that oun 
present knowledge of man’s simian cousins is by comparison extremely 
scanty and quite inadequate for the urgent purposes of throwing new 
light on man’s past and recent conditions. It is as yet impossible tq 
state fully in what respects and to what degree man’s growth and devel 
opment differ from or agree with the age changes in all the man-lik 
apes. That this is a fundamental and promising problem is evident 1 
it is considered that, since all specific characters are merely the end 
results of inherited ontogenetic processes, evolutionary innovation# 
are primarily alterations in the detailed conditions of growth. Whe 
we have learned which of the latter are the same in man and the ape 
and which others are peculiar to man, we will be nearer to an ultimat 
understanding of the causative factors in human evolution. It is com 
monly maintained that individual variations of a hereditary natur 
represent stepping stones for phylogenetic progress. With this highh 
plausible assumption it seems most desirable to study the proble 
whether or not all the well-known variations in man are more commo 
and marked than are individual variations in man’s nearest anim: 
relations. Here again the final answer must wait for many addition 
data. That our knowledge of the anthropoid apes can not vet compar 
with the available information regarding man, is largely due to th 
fact that, with relatively few exceptions, studies on apes have not vd 
reached that statistical phase of science which has been so fruitful i 
human biology. This, in turn, is due to the lack of adequate material o 
the difficulties in collecting sufficient data bearing upon problems, sue 
as the examples mentioned above. Anthropoid material in our museum 
consists chiefly of skins and skeletons of mostly adult specimens (Kro 
man and Schultz, ’38) and of very little else. More and different mz 
terial and a vast and varied amount of new observations are require 
before ape biology can approach modern human biology and physics 
anthropology in comprehensiveness and depth. 
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Of the few types of recent anthropoid apes only the gibbon survives 
in such large numbers and such a wide territory that it is possible and 
fully justifiable to collect series of specimens adequate for at least 
some statistical investigations, requiring homogeneity of material. 
In the countries of south-eastern Asia gibbons can still be found in 
countless thousands. In northern Siam, where most of the material for 
the present study has been collected, gibbons are the most common 
mammals in evidence and there can be little doubt that they will con- 
tinue to thrive as long as their forest home remains essentially un- 
changed. 

As indicated in the title of this paper, a ‘‘population sample”’ of the 
gibbon has been obtained for the purpose of investigating chiefly the 
age changes from fetal life to senescence and the degrees of variability 
of different structures of this man-like ape. In addition this unse- 
lected material has made it possible to study the kind and frequency 
of developmental abnormalities as well as of some pathological fea- 
tures, as they occur under natural conditions in these wild animals. 
The main series used in this investigation has been collected in one 
locality. A second and larger series (including the first) is composed 
of specimens from one limited district. For some purposes, finally, 
gibbons from several countries and of different species have been com- 
bined in one large series which forms the basis for further statistical 
analysis and for comparisons with other primate genera, as will be 
described in more detail later. 

This study represents one of the results of the Asiatic Primate Hx- 
Eeen of 1937 which had been organized by Mr. H. J. Coolidge, Jr. 
The Carnegie Institution of Washington had generously contributed a 
rrant toward the author’s expenses on this expedition, which had as its 
Be emost purpose the collection and study of gibbons in their native 
habitat. The findings appertaining to the behavior and social relations 
‘n gibbons have been recorded in a valuable monograph by Carpenter 
1740). Many of the specimens, studied morphologically by the writer, 
had first been under observation in the field by Carpenter and figure in 
jis report. The gibbon material from this expedition has been used be- 
fore in connection with some other studies of the writer.’ A special 
leport on the hair coloration of these gibbons is in preparation (Allen, 


" 1These special studies, containing data on these gibbons, are the following: Relative lengths 
4€ the regions of the spinal column (’38b); Relative weight of the testes (’38c); Diseases 
nd henled fractures (’39); Size of the orbit and of the eye (’40 4); Relative size of the 
vanial capacity (’41b). It is mentioned here also that the female reproductive tracts of 
Aese gibbons, which had heen preserved by the writer, formed the basis of a paper by Dempsey 


40), 
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Coolidge, Greenway, and Peters, ’40, p. 148). Several accounts of the 
activities of the Asiatic Primate Expedition have already been pub- 
lished by Coolidge (’40), Carpenter (’40) and the writer (738 a). At 
this place the author can merely express again his sincere gratitude tq 
all the numerous friends at home and in Asia who have helped in mani; 
fold and generous ways toward the success of this expedition. | 
MATERIAL | 

The Asiatic Primate Expedition established its first headquarters 
in the Siamese city of Chiengmai which lies 375 miles north of Bangkok 
and about 70 miles east of the Burmese border. The chief series 04 
gibbons was collected near the expedition’s camp on Doi Angka, the 
highest mountain (8448 feet) of Siam, about 35 miles west of Chieng 
mai. These gibbons were shot by members of the expedition and b 
natives, living in the neighborhood of camp, many of whom used cross 
bows with small arrows in hunting. Upon arrival in camp every on 
of the gibbons was immediately measured by the author according t 
the methods fully described in a previous paper (Schultz, ’29). Th 
specimens were weighed fresh and closely examined for possible a 
normalities which were photographed or sketched. The bodies wer 
then skinned and eviscerated. Some organs, parasites, etc. were pref 
served, whereupon the skeletons were prepared for drying in the fell 
and later, thorough cleaning at home. All skeletons of infants werif 
first left for 24 hours in neutralized formalin for fixation of cartilaf 
ginous parts. A total of 107 gibbons (+ 2 fetuses) were collected af 
this camp. This material will hereafter be referred to as the Angk 
series and figures as such chiefly in the discussion of body proportioi 
and of growth. This Angka series contains 1 small fetus (sitting heigh 
= 98 mm.), 1 larger fetus (sitting height = 160 mm.), 8 infants, 2 specif 
mens classified as ‘‘juvenile I’’ and 17 as ‘‘juvenile IT’’, and 80 adults aff 
which 37 are female and 43 male. Even though this material has not beef 
selected in any way and represents a typical population sample, it vol | 
tains too few young animals for the purpose of studying growth change 
in body proportions. For this reason the following 4 specimens have be 
added to the Angka series, increasing it to a total of 113, as used iff 
the chapter on age changes in proportions: 1, a fetus (sitting heigl) 
= 109 mm.) collected together with the skeleton of the mother animé 
by Mr. H. G. Deignan in 1935 at the identical locality of the preseif 
Angka material *; 2, a ‘‘newborn’’ (sitting height — 173 mm.), mea ff 


* This fetus and the skeleton (no. 260590) were received as a loan from the U. S. Nation 
Museum with the kind permission of Mr. G. 8S. Miller, J'r. 
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ured by the author many years ago in the anatomical collection of the 
university of Zurich; 3 and 4, 2 small infants, generously given to the 
writer by Mr. F. N. Chasen, director of the Raffles Museum in Singa- 
pore. The last 3 specimens are known to come from Siam and are cer- 
tainly of the same species as the gibbons from Doi Angka. For the 
analysis of growth changes in body proportions the 2 smaller fetuses 
represent what in later tables is designated as the ‘‘fetal stage’’ and 
the nearly full-term fetus together with the newborn specimen figure 
in these tables as the ‘‘newborn stage’’. 

After the departure of the Asiatic Primate Expedition from Doi 
Angka one of the Siamese assistants, who had been employed and 
trained by the expedition, decided to collect a series of gibbon skeletons 
in the district surrounding Chiengmai within a radius of about 35 
miles. This additional material was eventually purchased privately 
by Dr. S. L. Washburn and the writer. It consisted of complete, dried 
skeletons of known sex and locality. The writer acquired 44 of these 
skeletons and Dr. Washburn 38. The latter specimens had been very 
generously lent to the writer by Dr. Washburn. Two further gibbon 
skeletons from the district of Chiengmai were later purchased by the 
author from other Siamese collectors. At his camp at Chieng Dao, 
about 35 miles north of Chiengmai, Dr. C. R. Carpenter had collected 
39 gibbon skeletons of which 32 went to the Museum of Comparative 
Zoology, 5 to the Peabody Museum of Harvard University, and the 
remaining 2 were very generously donated to the author. Dr. Car- 
penter’s material also was lent to the writer with the permission of Dr. 
T. Barbour and Dr. E. A. Hooton. Finally, 3 more specimens (now in 
the Museum of Comp. Zoology) were obtained by the Asiatic Primate 
Expedition in the neighborhood of Chiengmai and could be studied 
by the author. In addition there was available the above mentioned 
skeleton from Doi Angka, collected by Mr. Deignan, and, principally, 
the series of 106 skeletons* from the gibbons which had first been 
measured in the flesh, comprising the Angka series. This last series, 
the property of the Museum of Comparative Zoology of Harvard Uni- 
versity, had also been sent as a loan to the writer’s laboratory. The 
total of all these gibbon skeletons from the district of Chiengmai is 233. 
This unique material will hereafter be referred to as the Chiengmai 
series. It may be specially mentioned here that, with the exception of 
Dr. Washburn’s specimens, all this material came to the author’s lab- 
oratory in the ‘‘roughed-out and dried’’ state in which it had left the 

2 One of the smallest infants of the Angka series had been embalmed and was not made into 
h skeleton. 
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field, each skeleton wrapped in cheesecloth and securely tied and | 
labelled, and that the final cleaning was undertaken by the writer him- 
self with the utmost care to prevent losing or mixing of skeletal parts 
or of teeth. 

While in British North Borneo with the Asiatic Primate Expedition | 
the writer had the opportunity to measure 8 gibbons (+ 1 fetus). Here | 
a total of 13 gibbon skeletons was obtained which the writer had as a |} 
loan from the Museum of Comparative Zoology at Harvard, again with 
the generous permission of Dr. T. Barbour. After his return from | 
Borneo the author received 5 additional, more or less complete gibbon 
skeletons through the kindness of Mr. H. G. Keith, Chief Conservator 
of Forests in British North Borneo. Another series of gibbon skeletons |} 
was placed at the disposal of the writer by Mr. W. H. Osgood, who had 
collected these 11 specimens in one locality in Assam, French Indo- 
China. In addition it has been possible to study the skeletons of 15 
other gibbons of various species. One of these was obtained by the 
Asiatic Primate Expedition in Sumatra and was kindly lent to the 
author by the Museum of Comparative Zoology and the remaining 14 
are from the writer’s private collection. Nine of the latter had very ff 
generously been contributed by Mr. F. N. Chasen, and the others had |} 
been purchased by the writer in former years. With these 44 additional | | 
gibbon skeletons and the 233 of the Chiengmai series a General series f 
of 277 skeletons is formed, useful for various broad comparisons in rep- 
resenting the genus Hvlobates. The total numbers of specimens in the 
three series are slightly reduced in some tabulations, whenever a par- 
ticular structure in one or another specimen is unsuited for inclusion 
in the series on account of extensive breakage, pathological changes, ete. 

The Angka and Chiengmai series consist entirely of gibbons belong-|f/ 
ing to the species Hylobates lar (I.innaeus). The material from North 
Borneo belongs to the species Hylobates moloch (Audebert)* and] 
that from Indo-China to the species Hylobates gabrielli (Thomas)./f) 
The species names of the additional specimens in the General series I, 
as well as those of the material mentioned below, are of interest ini) 
connection with only few features to be discussed and will appear inf 
later tables. 

During a visit to Singapore in 1937 the author had the opportunity to | 
examine the very extensive collection of primate skulls at the Raffles | 


*This determination is in accordance with the note by Cabrera (’30). H. cinereus and H. | 
leuciseus are synonyms for this species, widely used in other publications, but the name Hy) 
moloch has priority claims. The subspecies oecurring in British North Borneo is H. moloch | 
funereus. | 


led 
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Museum, particularly the splendid series of 124 gibbon skulls. The 
writer is much indebted to the director of the Raffles Museum, Mr. F. 

N. Chasen, for permission to study this material and for many courte- 

sies which greatly facilitated the work. In the tabulations relating to 
cranial indices and to the conditions of the dentition use was made also 
of 19 gibbon skulls from the author’s private collection which have not 
| been included in the General series I. Data on still further gibbon ma- 
| terial figure in a few tables of this study; these have been used before 
| in connection with three former publications by the author (’33 a, ’35, 
| 737 a) in which the origin of the material has already been noted. All 
' these specimens, together with those of the General series I, form a 
/ General series II, used mostly in the study of the skull and teeth. 

Since this investigation deals extensively with age changes, the vari- 
-ous age groups into which the material has been divided are defined 
| here: 

Infants = specimens with incomplete to complete deciduous denti- 

‘tion, but without any permanent teeth. 
Juveniles I= specimens with complete deciduous dentition and with 
/one to four permanent first molars. Since in gibbons one or more of 
the permanent middle incisors occasionally erupt before all permanent 
| first molars have appeared, such specimens have been included in the 
juvenile I series. 

Juveniles II = specimens with more advanced stages of dental erup- 
tion than in juveniles I, but without full eruption of the last permanent 
teeth. 

Adults = specimens with fully erupted permanent dentition. 

Seniles = specimens with very marked to extreme degree of dental 
attrition and with all main cranial sutures obliterated. Senile speci- 
mens have not been segregated, except for analyses showing definite 
‘changes due to old age. Not all the specimens in this age class are 
really senile in the proper sense of the term, but all are undoubtedly 
‘older than the remainder of the material studied. 
The data in table 1 show the age and sex distribution in these series 
‘of wild gibbons of known sex, in all of which age was determined ac- 
cording to uniformly applied criteria. Specimens of pre-adult age 
(infants + juveniles) constitute in all three series 24 to 25% of the 
total of all specimens and old individuals form anywhere from 15 to 
(19% of the population. From 56 to 60% of all specimens are adults in 
the prime of life. The composition by age of human populations dif- 
fers considerably from that in gibbon populations. According to Pear] 
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(30), approximately half of all individuals in human populations are | 
on a general average between the ages of 15 and 49 years, slightly 
more than one third are below 15 years of age, and the remaining 15 to | 
16% of the population are above 50 years old. Since adulthood in man | 
begins roughly at the age of 20 years, the percentage of pre-adult indi- 
viduals must be at least 40, or much higher than in the gibbon, and the) 
percentage of adults must consequently be less than 50, i. e., signifi- 
cantly below the corresponding percentage in gibbons. The ‘‘senile’’ 
gibbons show approximately the same dental and cranial age char- | 
acters as human beings above 50 years. It is surprising to find that | 


TABLE 1 


Age and sex distribution in gibbon series. The upper row of figures for each series shows 
the absolute numbers of the sexes within the age group and the lower row of figures shows the 
number of specimens within the age group in percentage of the total of all specimens in the} 
series. * = total increased by 11 skulls, chiefly from Raffles Musewm ; ** = series used in study 
of dentitions, including material listed by Schultz (’35). 


| INFANTS JUVENILES ADULTS | SENILES 
HYLOBATES WITHOUT SENILES 
ce) g¢ |e o 2 o 
abs. | 4 ali 8 | 27 33 | 10 10 | 
Angka series | 
Total = 107 
% 7 18 56 19 
abs. | 7 7 | 23 23 | 68 78 | 19 19 
Chiengmai series 
Total = 244 * | 
% | 6 19 | 60 | 15 
abs. | 8 14 | 57 61 | 155 180 56 48 
General series II | | | 
Total = 579 ** | 
% | 4 20 58 | 18 


the former survive with slightly higher frequency than the latter. Iti) 
may be stated here that, based upon his field experience, the writer) 
feels confident that the composition of the Angka and Chienemai series 
is typical of a wild gibbon population and that the conditions of col-f) 
lecting did not involve any noteworthy selection among the differen 
ages or the two sexes. The arguments in support of this claim are tool, 
lengthy to include here. Many Field observations concerned with thisf 
aes can be found in the excellent and detailed report by pete 

(’40). 

The sex distribution in the gibbon material studied is shown in tabled 
1. From these data it appears that there is an excess of males. The} 
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sex ratio in the largest series equals 91 females for each 100 males. It 
remains here to record some observations bearing upon fertility in 
gibbons. In the Angka series 5 out of 37 adult females were pregnant, 
3 with small embryos and 2 with fetuses. That only 13.5% of these 
females were pregnant indicates a rather low fertility. Of 14 adult 
female macaques (Macaca irus), collected in Borneo, 7 (= 50%) were 
pregnant, but of 15 adult female proboscis monkeys, also obtained by 
the Asiatic Primate Expedition, only 2 (13%) were pregnant. The 
‘same expedition, furthermore, collected in Borneo 27 adult female 
'Pygathrix cristatus and 20 adult female Pygathrix rubicundus; of the 
former 6 contained embryos or fetuses and of the latter 7. The per- 
centage of pregnancies equals in the first series of langurs 22 and in 
‘the second series 35. From the author’s field catalogues of four col- 
'lecting trips to Nicaragua and Panama the following data, bearing on 
the fertility of platyrrhine primates, are of interest in this connection: 
} In a total of 81 adult female spider monkeys (Ateles geoffroyi) 10 con- 
tained embryos or fetuses (= 12%); among 22 adult female capuchin 
i\monkeys (Cebus capucinus) only 2 were pregnant (—9%); from a 
series of 84 adult female howler monkeys (Alouatta palliata) 17 em- 
bryos and fetuses were obtained (= 20%). The percentage frequency 
of pregnancy varies to a surprising extent among these species of 
wild primates, namely from only 9 to as much as 50. There is no evi- 
dence to assume that in any of these primates in the wild there exists 
a definite breeding season. The Angka series of gibbons was collected 
‘between February 28th and April 22nd of the same year (the pregnant 
specimens between March 2nd and April 8th). Dr. Carpenter obtained 
2 small embryos in May and June (from a total of 13 adult female 
{Hylobates lar) and the late Dr. R. A. Spaeth, who had very generously 
leollected some gibbon material for the author in Siam in May and 
|June of 1925, secured 1 embryo and 4 fetuses. The gibbon fetus, col- 
(lected on Doi Angka by Mr. Deignan, was obtained in September. Hleven 
| of the 37 adult females of the Angka series had small nursing babies ® 
jand 5 out of the 10 females, classified as ‘‘senile’’, were most likely too 


Hl One 
(me Nine of these were actually collected with their mothers and the remaining 2 were scen, but 


\iost. All these 11 mother animals had very large mammary glands with a copious supply of 
‘/milk in striking contrast to the other adult females. The mammary glands of nursing gibbon 
mothers have been seen after removal of the skin to cover in some instances the entire front 
jpf the thorax from just beneath the clavicles to the last pair of sternal ribs and from the 


nidline to the axillae. 
A 
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old to conceive.* Thus there are only 16 adult females neither pregnant) 
nor nursing, yet in the prime of life. That the gibbon of Siam has no} 
breeding season seems amply demonstrated by the facts that embryos : 
and fetuses could be obtained in all the months of collecting and at. 
the same time infants and juveniles of practically all stages of develop- J 
ment could be secured. 

In this chapter ou material it remains to be mentioned that, for the] 
purpose of comparisons, the following additional and not previously } 
published series have been used: 25 wild, adult, male spider monkeys | 
(Ateles geoffroyi), collected by the author in Chiriqui, Panama; 10] 
wild, adult male and 5 fetal macaques (Macaca irus) from British North} 
Borneo; 10 adult male and 14 fetal American Negroes, unclaimed bodiesf 
of the Anatomy Department of the Johns Hopkins Medical School. Allff 
this material was measured fresh and by strictly uniform methods by 
the writer himself, hence the data obtained are perfectly suitable for 
comparisons with the measurements on gibbons. 

Frequently used abbreviations are the following: H. = Hylobates aff 
A. P. E.= Asiatic Primate Expedition; A. S. and figure = catalogue 
number of author’s private collection; R. M. = Raffles Museum. The | 
illustrations for this paper have all been prepared by the author andj 
are drawn directly from actual specimens to show the essential featured | 
to be discussed. 


GROWTH IN GENERAL 


Our knowledge of growth in absolute size of the gibbon is still very} 
fragmentary, largely because we have extremely few observations ap 
pertaining to specimens of actually known age or to changes occurrin 
during known age intervals. Thus, we can not even state with certainty 
the duration of the pre- and post-natal growth periods in the eibbon| | 
Ogilvie (’23) records that in the case of a captive Hylobates lar the 
time between observed copulation and birth equalled 9 months in th 
first pregnancy, but only 7 months in the second pregnancy. Evidentl 
there is need for further observations. 


° These 5 specimens had extremely worn dentitions, all sutures obliterated, very little mam) | 
mary giand tissue, and thin, pendulous nipples from 24 to 36 mm. long. In nursing females theff 
nipples can be even longer (up to 53 mm.), but they are always much thicker. It is a curiou) 
fact that in the great majority of the cases the right nipple is considerably longer than th 
left. It is also noteworthy that of the remaining 5 females, classified as ‘‘senile’’, 2 werd 
pregnant and 3 had nursing babies. On the other hand, all females showing no, or very sligh f/ 
wear of the teeth had extremely small mammary glands, mere button-like nipples, and wer} 
neither pregnant nor nursing any babies. It seems, therefore, that female gibbons may nox 
become fertile until some time after they have attained adulthood and that they differ in thi } 
respect from orang-utans (Schultz, ’41a) and macaques (Hartman, ’32), but resemble th: f 
proboscis monkey (Schultz, ’42 a). | 
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Through the courtesy of Prof. John Fulton the author obtained some 
unique data, showing the growth in body weight in a healthy, captive 
-gibbon. The growth curve, constructed from these records, is 
shown in figure 1. The animal was killed in a sacrifice experiment in 
November 1938 and the skeleton was generously given to the writer. 
From the condition of this skeleton it is apparent that the animal had 
reached adulthood only a short time before its death, i.e., its permanent 
dentition must have become fully erupted less than a vear before death. 


BODY WEIGHT (KG) 


eee Me Il Vig se Pe he Ty Xe Ly Wik 
pee So) ou ot OH 3D 89. Oo) oe = 6G, OT SR) OBES 
DATES OF RECORDS 
4 tS) 6 7 8 9 YEARS 
ESTIMATED AGE 


| Fig. 1 Growth of body weight in a captive gibbon, according to data supplied by Prof. J. 
F, Fulton, 


Upon arrival in 1932 this gibbon weighed 1.5 kg. This is slightly above 
the average weight of 1.36 kg. for juvenile I gibbons (5 wild specimens) 
and below the average weight of 2.15 kg. for the 4 youngest juvenile IT 
specimens. In all the latter the permanent lateral incisors had at least 
u C . . 

partly erupted in addition to the permanent first molars and central 
incisors. This particular stage of dental development’ is reached in 
macaques carly in the fourth year and in chimpanzees in the middle 
' ™In a former paper (Schultz, ’33) 2 young gibbons of supposedly known age were mentioned, 
in the older of which all permanent first molars and permanent upper middle incisors had 
erupted. Unfortunately the author had been misinformed in regard to the age of the latter 
specimen, which was given as ‘‘22 months.’’ Upon consulting the original records, it appears 


that this gibbon was ‘‘received when very young, born by captive mother shortly before ar- 
tival.’’ This, naturally, leaves the estimation of the date of birth within wide limits. 
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of the sixth year (Schultz, ’40 b). The-gibbon of figure 1 equalled in | 
weight the average of the above mentioned juvenile II specimens in’ 
July 1933. With the assumption that at this date the former had the | 
same dental formula as the latter specimens and that this dental stage | 
in the gibbon occurs at an age half-way between the ages of the corre- J 
sponding stages of dental eruption in macaque and chimpanzee, it may, | 
be aosplnded that the gibbon in figure 1 had an age of 4 years and 4 


1938) at tie estimated age pe 8 a and 10 months, or between the| | 
ages of adulthood in macaques (7 years) and in the great apes (10 tof 
11 years) (Schultz, ’40 b, ’42 b). 

At birth the gibbon weighs approximately 400 gm. This statement is f 
based upon the single record on a ‘‘newborn’’ Hylobates lar, weighing J 
411 em. and most likely about 8 days old (no teeth, great fontanelle 
wide open, umbilical scar freshly healed). That the average weight ati 
birth in the gibbon must be very close to 400 gm. is indicated also by) 
the fact that all gibbon fetuses close to term, examined by the author, |) 
are slightly below 400 gm. in weight and that all gibbon infants with af 
few first milk teeth weigh somewhat more than 400 gm. The latter 
material includes a captive-born Hylobates leucogenys, 29 days old,if) 
which already had 6 of its milk incisors. 

The adult Hylobates lar of the Angka series weigh on an average 
9.299 ke. in the females and 5.711 kg. in the males. Individually theif 
body weight varies widely, namely between 3.856 and 6.124 ke. in theif 
females and between 4.082 and 7.258 kg. in the males. It is evident thatif 
males tend to be slightly heavier than females. In regard to body length 
however, the sex difference favors the latter, though not to a significantif) 
degree. In trunk height (suprasternal notch to upper edge of pubic} 
symphysis), e.g., the adult females of the Angka series average 271.1) 


ence in size is less pronounced in the gibbon than in the great majority 
of other primates, including man. Data in support of this conclusion}, 
have already been recorded in another paper by the author (’41 add 
table 3). | 
The weight of the newborn in percentage of the average weight of 
adult females amounts to 7.5 in the gibbon. The corresponding figures 
for other primates are, as far as could be established, 6.7 in the macaque: 
4.6 in the proboscis monkey, 4.1 in the orang-utan, 4.0 in the chimpanzee}, 
and 5.5 in man (Schultz, ’42 a). The gibbon, therefore, is comparatively 
large at birth. 


— 
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AGE CHANGES IN BODY PROPORTIONS 
Trunk 


_ The different parts of the body grow frequently at different rates, 
thus changing the body proportions with age. Table 2 shows the growth 

changes in the main proportions of the trunk of the gibbon. Some of 
_these changes are also demonstrated by the curves in figure 2. 

The chest circumference (at level of sternal insertion of fourth pair 
of ribs) in percentage of the trunk height (from suprasternale to sym- 
_physion) expresses the degree of stoutness of the trunk. In the fetuses 
the chest girth measures nearly twice as much as the trunk height, but 


TABLE 2 


Age changes in trunk proportions of Hylobates lar (Angka series). Averages (above) and 
|ranges of variations (omitting decimals, below). For further statistical data on these indices 
in adults see table 10. 


REL. 


SPECI- R . CHEST REL. HI o 

AGE MENS CIRCUMFER. SHOULDER BREADTH INDEX 

| Fetuses 2 198.9 62.2 49.0 99.1 
194-204 60-64 48-51 98-100 

Newborns 2 175.2 59.2 47.2 101.1 
169-182 57-61 46-48 100-102 

Infants 10 ile ye s7/ 48.9 41.4 114.8 
127-144 42-58 36-45 107-121 
Juven. I 2 133.7 49.2 41.4 115.3 
133-135 48-50 41-42 115-116 

Eeaven, 11 17 144.5 49.5 41.8 116.6 
131-161 42-56 38-46 109-125 

‘Adults 9 37 149.1 51.1 43.3 116.5 
133-165 43-59 40-48 108-127 

‘Adults 43 155.8 55.3 43.4 117.8 
143-178 47-65 40-50 110-128 


in infants only about one third more than the trunk height. During post- 
infantile life this proportion increases steadily to adulthood. A con- 
tinued decrease in this proportion with advance in age is the general 
rule among primates, at least for females. In males there can occur a 
late postnatal increase, at least for females. In males there can occur 
a late postnatal increase, e. g., in the orang-utan (Schultz, ’41 a) and 
the proboscis monkey (Schultz, ’42 a). A rise of this index during all 
of juvenile life in both sexes, which has been found in the gibbon, has 
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INDEX UNITS 


Rel. lower limb length 


limb length 


GIBBON =-— ORANG = --- CHIMPANZEE = =~ 


Fetal Newb. Inf. Juv.I Juv. Ad. Fetal Newb. Inf Juv.I Juv. Ad. Fetal Newb. Inf. Juv.I Juvll Adil 


Fig. 2 Curves showing the age changes in some body proportions of gibbons (H. lar, Angkaij 
series), orang-utans (Schultz, ’41a) and chimpanzees (Schultz, ’40 b). The values for adult 
are the arithmetic means of the averages for adult females and for adult males. 
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not yet been encountered in any of the other primates studied by the 
writer. The secondary sex difference among adults regarding this 
proportion is not nearly as marked in the gibbon as in many other 
primates, nevertheless it can be stated that on an average adult male 
gibbons possess a slightly stouter trunk than adult female gibbons. 

The relative shoulder breadth (biacromial diameter in percentage of 
trunk height) undergoes similar age changes as the previous propor- 
tion. It decreases to infantile life and thereafter increases again, par- 
ticularly in males. 


HYLOBATES LAR & 
INFANT =--- ADULT=—' 


A 
\ 
! 
! 


» Fig. 5 Superimposed tracings of plaster casts of freshly eviscerated thoracic cavities of 


*ibbons, cut perpendicular to thoracic spine at level of sternal insertion of fourth ribs, both 


reduced to same height of tracing. 


The relative hip breadth (bitrochanteric diameter in percentage of 
crunk height) of the gibbon decreases in general with age, except for 
1 slight, late, secondary increase. It is noteworthy that the sexes do 
not differ in regard to this proportion. The ranges of variations are 
smaller in the relative hip breadth than in the relative shoulder breadth. 
| The chest index (transverse diameter of chest in percentage of sagit- 
al diameter, at same level as chest girth) becomes larger with advanc- 
ng age not only in the gibbon, but also in the orang-utan and chimpanzee 
fig. 2). In fetal life the two diameters of the chest are still prac- 
ically alike, but after birth the transverse diameter increases more 
ntensively than the sagittal one and this not only in the gibbon, but 
the other higher primates as well, in contrast to the lower catarrhines 
vith their relatively narrow chests at all stages of growth. The width- 
epth proportion of the thoracic cavity does not change with age as 
auch as does the chest index, as shown in figure 3. The shape of the 
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thoracic cavity differs in young and old gibbons chiefly on account of | 
the fact that the vertebrae are proportionately thicker and the dorsal} 
ends of the ribs are less curved in the former than in the latter. That] 
this is a general rule in primates is evident from the corresponding: | 
drawings for other types, published in previous papers (Schultz, ’41 a, 
42 a). 

TABLE 3 


Age changes in limb proportions of Hylobates lar (Angka series). Averages (above) and 
ranges of variations (omitting decimals, below). The numbers of specimens in all the agé 
groups are the same as in table 2. For further statistical data on these indices in adults 
see table 10. 


| 


4 MED J BRACHIA i 
AGE LIMB LENGTH LIMB LENGTH = INDEX. TNDEX. INDEX | 
Fetuses 140.5 213.8 151.7 80.1 93.6 | 
133-148 198-230 148-155 79-81 93-94 
Newborns 145.5 223.6 153.7 79.8 96.0 
138-152 210-237 152-156 79-81 95-97 
Infants 145 .6 236.7 162.5 80.9 96.7 
136-161 222-256 159-167 75-87 93-10 
Juven. I 151.6 242.1 159.5 82.5 99.0 
149-154 233-251 156-163 81-84 97-10 
Juven. II 151.8 245.1 161.4 82.9 101.7 jf 
140-162 221-260 157-168 79-86 96-106 
Adults ° 147.0 241.8 164.8 84.9 108.0 
133-160 224-266 158-172 81-91 102-11 
Adults ¢ 148.9 245.3 164.6 84.1 107.3 | 
132-166 213-274 160-171 81-88 98-113 
Limbs 
The percentage relations in the lengths of the limbs and of some o4 
the limb segments are shown in table 3 and, graphically, in figure 2} 
The relative lower limb length (total lower limb length, or thigh length}, 
+ knee height, in percentage of trunk height) undergoes rather irreguy | 


lar changes with age in the primates studied so far. In the gibbon this ; 
proportion increases from fetal to juvenile life, but decreases again 
during the last phase of growth, though not to a very marked degree}! 
In a former publication the author (’33) had shown that this indezf 
rises in Hylobates concolor from only 104.5 in a small fetus to a maxiif! 


AGE CHANGES AND VARIABILITY IN GIBBONS W7/ 


mum of 169.5 in an infant, to decrease thereafter to 148.4 in the adult. 
In man this relation between the length of the lower extremity and 
the height of the trunk averages approximately 72 in the ninth week of 
intrauterine life, it rises rapidly until it averages 139 in the middle of 
the prenatal period, whereafter it drops to about 115 at birth, only to 
rise again during postnatal life to 170 or more in adults (Schultz, ’26 a). 

The relative upper limb length (total upper limb length, or upper 
arm length + forearm length + hand length, in percentage of trunk 
height) increases in general with advancing age in the gibbon. In 
orang-utan and chimpanzee (fig. 2), as well as in man (Schultz, ’26 a), 
this proportion undergoes more irregular age changes. There exists 
as yet no explanation for these, at times very striking, differences in 
the rates of growth of the limbs and the trunk in different primates. 


TABLE 4 


| Proportions of the lengths of limb bones in Hylobates lar (adults of Chiengmai series). 
Averages (above) and ranges of variations (omitting decimals, below). For further statistical 
lata on these indices see table 11. 


ach & SEX SPECIMENS INTERMEMBRAL CRURAL BRAOHIAL 


INDEX INDEX INDEX 

Adults 9° 87 130.2 86.4 109.8 
124-137 81-93 104-118 

Adults ¢ 96 to 97 131.4 86.4 110.4 
126-136 81-93 100-118 


| The intermembral index (total upper limb length in percentage of 
‘otal lower limb length) tends to increase with age in the gibbon, 
mit decreases in the chimpanzee (fig. 2) and man (Schultz, ’26a), 
ndicating that in the gibbon the upper extremity grows faster than 
he lower one, whereas in chimpanzee and man the reversed relation 
iin these growth rates prevails. The lengths of the upper and the lower 
imbs are individually much more closely correlated than are the 
¢ngths of either of the limbs and of the trunk. This is shown by the 
{mall ranges of variations in the intermembral index compared with 
jae ranges in the other limb proportions. The skeletal intermembral 
jndex (length of humerus + radius in percentage of length of femur 
|- tibia) is also remarkably constant, as shown by the data in table 4. 
| The crural index (leg length in percentage of thigh length, or on 
jkeleton tibia length in percentage of femur length) changes in the 
\ibbon comparatively little during growth, namely from about 80 in 
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fetal life to over 84 in adults.’ In man this proportion also tends tay 
increase with advancing age (Schultz, ’26 a). | 

The brachial index (forearm length in percentage of upper arm 
length, or on skeleton radius length in percentage of humerus length) 
of the gibbon becomes steadily larger with growth, the forearm being 
shorter than the upper arm at early stages of development, but becom- 
ing longer than the upper arm during juvenile life. In a very young 


cS 


Fig. 4 Exact drawing of left foot and hand of an adult Hylobates lar (Angka series). 


fetus of Hylobates concolor this index amounts to only 76.3, where 
in an adult of the same species to 115.8 (Schultz, ’33 a). In chimpanze 
orang-utan (fig. 2, F) and man (Schultz, ’26 a) this proportion show 
the same general growth trend as it does in the gibbon, but in the latte? 
this ontogenetic change is more marked than in the former. It is inf 
teresting to note that the ranges of variations in this index amon 


* The crural and brachial indices, derived from measurements on the outer body and given | ff] 
table 3, are slightly lower than the corresponding indices, formed by skeletal measuremeif/: 
and listed in table 4. This discrepancy is to be expected on account of the differences in tii 
exact location of the landmarks employed on the outer body and on the skeleton. The exaiffl 
methods of measuring the long bones of the limbs are illustrated in a former paper by tH 
author (737). } 
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adults are of practically the same size in the Angka series (table 3) 
as in the much larger Chiengmai series (table 4, seee also footnote 8). 


Foot and hand 


The feet and hands of adult gibbons are proportionately long and 
slender. The great toes and, especially, the thumbs are characterized by 
having an unusually long part of the first metatarsal, respectively 
metacarpal bone included in the free portion of these digits, as is 
shown by figure 4. The age changes in the main proportions of foot 
and hand are listed in table 5. 


TABLE 5 


Age changes in foot and hand proportions of Hylobates lar (Anghka series). Averages 
(above) and ranges of variations (omitting decimals, below). The numbers of specimens in 
all the age groups are the same as in table 2. For further statistical data on these indices in 
adults see table 10. 


RELATIVE RELATIVE REL. FOOT RBL, HAND REL, THUMB 
eae FOOT LENGTH HAND LENGTH BREADTH BREADTH LENGTH 
Petuses 59.7 55.6 ye 32.4 56.7 
56-64 51-60 24-26 30-35 57-57 
Yewborus 63.8 67.4 24.8 30.8 54.5 
60-67 63-72 24-26 29-33 54-55 
nfants 60.9 67.0 OO P59) 51.4 
57-64 62-72 21-26 21-31 49-57 
juven. I 58.6 66.5 Onn PI 51.4 
58-60 64-69 21-23 22-23 51-52 
fuyen. IT 55.0 61.9 20.4 20.8 51.6 
51-58 57-67 18-23 19-23 47-57 
-dults ? 51.6 58.9 20.5 20.2 51.9 
47-58 52-65 19-23 18-22 46-57 
dults ¢ 51.6 58.7 21.0 20.7 52.0 
46-58 50-66 19-23 17-23 48-56 


' The relative foot length (foot length in percentage of trunk height) 
if the gibbon increases during late fetal life and decreases again post- 
jatally. A corresponding age change exists in the orang-utan (Schultz, 
11 a), but in the chimpanzee this index shows no initial increase, but 
fecreases throughout the period of growth (Schultz, 40 b). The rela- 
fve hand length (hand length in percentage of trunk height) of the 
jibbon undergoes very similar age changes as the relative foot length, 


20 ADOLPH H. SCHULTZ 


i.e., it increases until birth and decreases thereafter. Again the same | 
holds true in regard to this index in orang-utan, whereas in chimpanzee J 
the index drops steadily from fetal to adult life. 

The percentage relations between breadth and length of the foot and 
of the hand are shown by the third and fourth indices in table 5. Bothi 
these proportions decrease with advancing age, but this ontogenetic] 
change is much more marked in the hand than in the foot. That thes 
hand becomes proportionately much narrower during growth is true# 
also in regard to the orang-utan and the chimpanzee, except that il 


(Schulte, 726. a). 

The last index in table 5 shows the age changes in the relative length 
of the thumb (thumb length from stylion in percentage of hand length) 
of the gibbon. On an average this proportionate length decreases fro 
fetal to infantile life and remains practically unchanged thereafter! 
In orang-utan, chimpanzee and man this index also becomes generallyfi 
smaller during growth, particularly in fetal life (Schultz, ’26 a, ’40 1 
41 a). 

The proportions between the different segments of the foot changdf 
significantly with age. This is evident from the data in table 6 whicllf 
show the relative lengths of the tarsal, metatarsal and phalangead 
regions of the foot skeleton at different ages in the gibbon, orang-utanf, 
and man. In the former two the relative length of the tarsus become#} 
shortened during growth and the relative length of the phalanges bel 
comes greater, whereas in man exactly the reversed age changes occu’ 
in these proportions. These ontogenetic trends are most strikingl} i 
shown by the percentage relation between the length of the phalangeif) 
and that of the tarsus which increases in the gibbon from 112 in : H 
young fetus to 150 in adults and in the orang-utan from 140 in an oldelft 
fetus to 168 in adults. In man this index decreases from 122 in ver? 
young fetuses to only 47 in adults. In the highly arboreal gibbon anf) 
orang-utan the feet at the completion of growth have extremely elon#i 
gated phalanges and a comparatively short tarsal region, whereas Hy i 


decreasing the length of the phalanges and increasing the size of th | 
tarsus. These profound differences develop only gradually in the cour 
of growth, as is shown by the values of the last index in table 6. | 
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TABLE 6 


Age changes in some proportions of the foot skeleton of gibbon, orang-utan and man, The 
fetus of H. pileatus has a sitting height of 83 mm., the ‘‘newborn”’ of the same species has a 
sitting height of 198 mm. and was probably about 2 weeks old. These indices do not diff er 
significantly in H. pileatus and H. lar. 


ss) 5 I BE 
&| a mic is Be 
a | 
| AE gis ale 2/5 
PRIMATE AND AGE . 3 28 Z| eA 
n e =| = 
as - EE EE 
* i. HF ab 
| GIBBON 
H. pileatus fetus 32.0 32.0 36.0 112.3 
Hf. pileatus newborn 30.7 29.0 40.3 131.5 
d. pileatus adult (average of 3) 27.5 31.4 41.1 149.2 
FT. lar adult (average of 6) 27.6 30.5 41.9 151.6 
ORANG-UTAN 
' (Schultz, 1941 a) 
Fetus 29.6 28.9 41.5 139.9 
ewborn 28. 27.8 43.8 154.2 
Adult (average of 6) 25.9 30.3 43.8 168.5 
MAN (averages) 
(Straus, 1927) 
fetus, 8 weeks 28.6 36.5 34.9 122.1 
fetus, 3rd month 42.9 30.7 26.4 62.4 
Wewborn 45.7 31.2 Peal 50.4 
Adult 46.9 31.0 224 47.4 


/ In all gibbons the middle digits are the longest, but the relations in 
vength between the second and fourth digits vary considerably, inas- 
much as the fourth can project beyond the second or the reversed 
pondition can exist (fig. 4). For a former report the author (’33 a). 
had found the following conditions among 53 gibbons belonging to 
\ different species: 


plinger : IRS The 1 IE So Tire Toe el <a hives ieee levi 
io of cases: 28 36 36 30 40 30 


eS 


in the present series, consisting of 113 specimens of H. lar (Angka 
feries), these digital formulae are distributed as follows: 


}'inger : IDE UN SIT Ss IIS BOF Se IY Wows Eee VOL Ayo IAL SS I\y 
{@ of cases: 0 14 86 68 28 4 
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the hands of all the specimens from Doi Angka, though it is still found} 
. . . . il 
in 28% of other gibbons. This supports the view that variations in these 


i | 
: : ; : | 
relative digital lengths are of a hereditary nature. It is also mentioned 


in this connection that among 9 H. moloch, collected at one camp in} 


North Borneo, the second toe is longer than the fourth in 44% off 
the cases. | 

In this chapter it remains to diseuss briefly the extent to which the} 
second and third toes are united by cutaneous webbing. This webbing 
is a feature widely distributed among primates, occurring not infre+ 


Fig. 5 Head of an adult Hylobates lar without the hair (Angka series). 


quently even in man asa hereditary variation (e. g., Schultz, 722; Straus, 
26; Koenner, 733). The name of the siamang (Symphalangus syndae 
tylus) is derived from this condition. In the gibbon this webbing ex4 
tends usually only to the middle of the basal phalanx IJ. This is the 
case in 89% of the specimens in the Angka series, in 100% of the speci 
mens of H. moloch from North Borneo, and in 84% of 108 gibbons o 
rarious species, listed in a previous report by the writer (’33 a). I 
the latter series 12% of the specimens have this web extending to th 
distal end of. the basal phalanx II and in the remaining 4% the we ! 
reaches even to the middle of the middle phalanx IJ. The latter extrem 
does not occur in the Angka series, though in 11% of these specimens 
the second and third toes are webbed along the entire basal phalanges| 
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Head and skull 


The head of the gibbon is covered by a very dense coat of hair and 
thus appears to be proportionately much larger than it actually is. 
Without its hair the gibbon head resembles somewhat the head of a 
macaque, even though the face is not as protruding in the former as in 
the latter (fig. 5). The eyes are relatively large and far apart and the 
orbital rims are prominent. The main proportions appertaining to 
the head of the gibbon and their changes with age are shown in table 7. 
The growth curves for five of these head indices are illustrated in 
figure 2. 


| TABLE 7 


Age changes in head proportions of Hylobates lar (Angka series). Averages (above) and 
ranges of variations (omitting decimals, below). The nwmbers of specimens in all the age 
groups are the same as in table 2, except in the case of adult males which number only 42. 
For further statistical data on these indices in adults see table 10. 


REL. HEAD REL. FACE RPL. UPPER CEPHALIC FACE INTEROOCULAR REL, EAR 

es SIZE HKIGHT FACE HEIGHT INDEX INDEX INDEX SIZB 

“etuses 63.4 BY ae! 86.9 Ai 30.5 6.7 

66-71 33-38 31-39 85-88 37-46 29-32 6-8 

Newborns 60.8 32.0 36.9 86.9 41.9 23.5 1532 
60-62 31-33 35-39 83-91 37-46 23-24 10-20 

nfants 46.2 26.5 39.9 84.3 47.8 21.4 15.3 
42-5] 24-30 38-43 79-92 44-52 19-26 12-19 

‘uven. I 36.9 22.4 40.2 87.0 45.8 22.4 15.0 
36-37 22-23 40-4] 82-92 45-46 22-23 15-15 

‘uven. IT 29.7 20.7 48.7 87.8 49.4 2303 14.5 
26-36 19-24 45—53 81-92 46-53 20-28 13-17 

\dults ? eae) 18.7 51.0 87.8 48.7 25a 1325 
23-28 17-20 45-59 80-94 43-58 22-30 10-16 

dults ¢ 26.0 19.5 alles 91.9 48.4 24.4 V323; 
23-30 18-22 45-58 84-102 41-56 21-28 10-16 


. The relative head size (arithmetic mean of head length, breadth and 
eight in percentage of trunk height) undergoes very profound changes 
With age not only in the gibbon, but in all primates (fig. 2). In the 
Angka series this index decreases from an average of 68 in fetuses to 
ne of only 25 or 26 in adults, ie., postnatally the trunk grows much 
nore intensively than does the brain part of the head. The brain itself 
nereases in size after birth at a much slower rate than prevails in the 
mtire body. This has been shown (Schultz, ’41 b) by means of the 
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later chapter. 
The relative face height (total face height in percentage of trunk 
height) decreases during growth in the gibbon, as it does in chimpanzee | 
and orang-utan (fig. 2). The gibbon has at all stages of growth al 
proportionately lower face than have the two great apes. 
The first two indices in table 7 dealt with the relations in size between 
the brain part as well as the face part of the head and the trunk. Theg 
first of these relations changes with age more extensively than the see: 
ond. On account of this fact it can be predicted that the relation bef 
tween the size of the face part and that of the brain part also changes 


diameter) which increases from fetal to adult life, due to the greateuf/ 
rate of growth in the face than in the brain part of the head. This 
ontogenetic increase is not as marked in the gibbon as it is in both tha 
great apes shown in figure 2, K. | 

The cephalic index (head breadth in percentage of head length 
of the gibbon decreases slightly during the earlier part of growth and 
increases somewhat in the beginning of juvenile life. In adult maled 
this proportion is higher than in adult females and in two of the formed 
specimens the head breadth actually surpasses the head length (table 7)\f 
This sex difference, as well as the late ontogenetic rise of the cephalid 
index, are largely due to the development of the temporal muscled 
which form a considerable part of the head breadth in juvenile andj, 
adult gibbons. The corresponding proportion appertaining to the sku 
(breadth of skull in percentage of length of skull®), which is showaf 
in table 8, decreases constantly with advancing age and does not diffe i i 
significantly in the two sexes (average of adult females 77.1 and of 
adult males = 77.3). The brain case, therefore, does become propor: 
tionately narrower ontogenetically in the gibbon as well as in othel 
primates (e. g., Schultz, ’40 b, ’41.a, ’42a). That the brain case of thifl 
gibbon also becomes relatively lower during growth, is shown by thi! 
data for the cranial length-height index in table 8. | 


° All the cranial measurements, used here, have already been described and illustrated in auf! 
other paper by the author (33). 
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The face index (upper face height in percentage of face breadth) 
f the gibbon increases in general with age, though this ontogenetic 
shange is not as marked as it is in many other primates. 

The interocular index (inner eye breadth in percentage of face 
yreadth) of the gibbon decreases very considerably during the first 
art of growth and increases again in juvenile life, just as it does in 
he orang-utan and the chimpanzee (fig. 2, L). The eyes of the gibbon 
ire proportionately farther apart than those of the two great apes at 
ull corresponding stages of growth. 


TABLE 8 


' The cranial length-breadth index (upper half of table) and the cranial length-height index 
lower half of table) of Hylobates lar (Chiengmai series) at different ages. Ranges of varia- 
ions, averages, standard deviations, variation coefficients, and their probable errors are given 
or each age group. 


MENS VARIATIONS A + B(A) o + E(a) 0 + ECC) 
10 80.3-94.0 86.5+0.78 3.6840.56 4.25+0.64 
5 80.0-92.9 85.21.33 4.44+0.95 5.214111 
33 75.6-91.5 80.60.42 3.60+0.30 4.46-+0.37 
182 68.3-84.8 77.240.15 2,930.10 3.80+0,13 
10 69.1-77.6 72,740.47 2.21+0.33 3.04 +0.46 
: 5 68.7-73.6 71.10.61 2.04+0.43 2.87+0.61 
javen, IT 33 63.6-76.1 69.2+0.37 3.17 £0.26 4.58+0.38 


182 60.2-75.9 67.8+0.14 2.893-0.10 4.26+0.15 


jimpanzees also have relatively smaller outer ears in adult than in 


j2lopment of the detailed configuration of the outer ears of the gibbon 
fave been published in another paper by the author (33a) and fur- 
her observations on this subject are contained in a fragmentary, post- 


jamous paper by Selenka (’03). 


PROPORTIONS OF GIBBONS COMPARED WITH THOSE OF OTHER PRIMATES 
in comparing the body proportions of gibbons with those of other 
jrimates and, particularly, in comparing the age changes in propor- 
jons we are still limited to the few types for which adequate data have 


\ 
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become available, hence no broad and safe generalizations can as yet 
be made. It is the chief purpose of this chapter to assemble and record} 
some data, collected by uniform methods, which indicate the ontogenetic} 
trends in some body proportions and, specially, all those conditions) 
which are peculiar to the body build of the gibbon. For these compar-f 
isons with the gibbon have been chosen (1) the spider monkey, represf 
senting the platyrrhines as well as a type of primate which is prac- 
tically as highly adapted to aboreal life by means of rapid brachiating| 
locomotion as is the gibbon; (2) the macaque, representing a fornif 
among the lower catarrhines with conservative proportions, lackingd 
any outstanding specialization; (3) the proboscis monkey as a repre- 
sentative of the catarrhine subfamily Semnopithecinae; (4 and 5) thef 
orang-utan and chimpanzee, representing two of the great apes; (6 
man. To study growth trends by comparing ouly two stages of develop 
ment, as will be done here, naturally can not give a complete picture o 
the actual growth processes. A more detailed analysis of the latte 
must be postponed for a later publication. All data, used for the presen 
brief comparisons, are listed in form of averages in table 9 and ard} 
illustrated in the figures 6 and 7. 

The most extreme specialization in the body proportions of the gibi 
bon consists in the enormous lengthening of the upper extremity. Adp 
shown by the diagrams in figure 6, the gibbon’s upper limbs reacllff 
practically to the heels, even though the lower limbs are also of excepiff 
tional relative length, being surpassed only by the relative lower limlif 
length of man. The lower extremity has evolved to the greatest projff 
portionate length in man, the only bipedal primate. The gibbon posif 
sesses the second longest relative lower limb length among all primated 
and the ranges of variation of this proportion actually overlap in map 
and the gibbon.'® Of other high specializations among the body prof, 
portions of the gibbon the brachial index is noteworthy, since it reachelf 
the highest values among all primates in Hylobates (Schultz, ’37, fiaiff 
5), proving that the exceptional length of the gibbon’s upper extremity} 
is due most of all to the increased length of the forearm. The primate} 
which approach the gibbon most closely in this respect are chiefly thi 
other extreme brachiators, the siamang, the spider monkey and thi 
orang-utan. | 


t 
“In the Angka series of H. lar the relative lower limb length varies among adults to | 
| | 


maximum individual value of 166.2 (and lies above 165 in two more instances), The minimuiff) 
value of this proportion in the present series of only 10 adult Negroes equals 165.1. In othe ' 
human races this minimum ean be even much lower, e. g., in an adult male Hawaiian, measurci#} 
by the author (’33 b), is amounts to only 150.7. 
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In several other papers the author (’33a, ’36, ’40c) has collectecf 
evidence for concluding that the gibbon belongs clearly to the smal] 
group of higher primates, composed of man and the man-like apes, anc 
that in many respects the gibbon fills the réle of ‘‘missing link’’ betwee | 
the lower catarrhines on one side and man and great apes on the othe | 
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Fig. 6 Diagrammatic representation of some body proportions in the adult male primat}f) 
listed in table 9. In all these figures the trunk height is the same. 


That these conclusions are generally valid also in regard to body pref 
portions is clearly shown by the diagram in figure 7 (on the perpel 
dicular lines representing the adults). The gibbon stands between tH 
group orang-utan — chimpanzee — man and the group representing tif 
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Fig. 7 The general directions of the ontogenetic changes in the proportions of some pri- 
lates, based upon the averages listed in table 9. In each diagram the values of fetuses are on 
left and those of adults on the right perpendicular line. 
=macaque, N = Negro, O = orang-utan, P = proboscis monkey, S = spider monkey. 


C= chimpanzee, G = gibbon, 
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lower primates in regard to the following significant proportions } 
Relative chest circumference, relative shoulder breadth, relative hip 
breadth, chest index, and relative head size. The gibbon approachesf 
most closely one or another of the remaining higher primates in thef 
following proportions, besides those just mentioned: Relative upper | 
limb length, intermembral index, crural index, relative foot lengthy 
relative hand length, relative upper face height, and interocular index 
In regard to the relative foot length and the relative upper face heighi} 
gibbon and man are practically identical. Even though the gibbon is} 
much more closely related to the macaque and the proboscis monkex} 
than to any platyrrhine primate, the spider monkey approaches the 
gibbon more closely than do either the macaque or the proboscis mon} 
key in regard to a majority of these proportions. This, undoubtedly, is 
due to parallel evolutionary adaptations in body proportions, con|f 
nected with the great similarity in locomotion in the gibbon and tha§ 
spider monkey. 

The general growth trends of the proportions shown in figure 7 ard} 
at times strikingly alike in all the seven primates compared. For in} 
stance, the relative chest circumference, the relative breadths of foo 
and of hand, the relative head size, the relative face height, and the in# 
terocular index invariably decrease with advancing age in all the prijf 
mates studied and the relative upper face height and the face indexfj 
undergo an ontogenetic increase in every one of these types. In con} : 
trast to this, there seems to exist a more or less pronounced lack oi 
uniformity in regard to the age changes in some other proportions} | 
This is at times more apparent than real and due to the fact that thal 
present comparisons are limited to fetuses and adults. A more deff 


not evident from data appertaining to only an early and a late stage of 
growth. Thus, in all the primates, studied by the author so far, thal 
relative ear size reaches its maximum values during the first period off 
postnatal life and decreases again subsequently in varying degrees.1|f 


“ This is shown for the gibbon, the chimpanzee and the orang-utan by the curves in figure 
M, and for the proboscis monkey by the data in another paper (Schultz, 42a). In the spide} 
monkey the relative ear size averages 11.2 in 10 infants of the author’s collection, or very sigif 
nificantly more than in either the fetuses or the adults of the same primate (table 9). No data) 
are available for young Macaca irus, but in the closely allied Macaca mulatta the relative ea4 
size averages 13.3 in 10 fetuses, corresponding in development to the macaque fetuses in table) 
9, it averages 17.6 in 10 infants of Macaca mulatta and only 15.8 in 10 adult males of the same 
species (part of this material has been described in a former paper by the author [’37 b], thal 
rest are newly acquired specimens). In the Negro, finally, the relative ear size averages 5.5 inf 
10 newborns, again a higher value than in either fetuses or adults (table 9). It is seen, theres 
fore, that in all these primates there exists a closely corresponding growth trend, according t | 
which the relative ear size increases early in development, but decreases again thereafter, | 
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1s shown by figure 7, the general growth trends of the brachial index 
nd of the relative thumb length are very similar in all the primates, 
xcept man. In man, however, the brachial index increases, as in the 
ther primates, at least durnig prenatal growth, namely from an 
verage of 73.6 in Negro fetuses of the third month to one of 81.9 in 
Jegro fetuses of the ninth month and the relative thumb length de- 
reases, as in the simian primates, during at least one period of growth, 
amely from an average of 71.6 in Negro fetuses of the third month to 
ne of only 65.9 in Negro fetuses of the ninth month (Schultz, ’26 a). 
‘he growth trends of these proportions in man are exceptional only in 
egard to the postnatal period. 


In conclusion of this chapter attention is called to the significant 
ret that the great majority of the proportions of the primates com- 
ared here are less different in the fetuses than in the adults. That 
ne body proportions of different primates are even more similar in 
all earlier ontogenetic stages, than in those used here, has been shown 
i several of the writer’s former publications. 


VARIABILITY OF PROPORTIONS AND ASYMMETRIES 


It is one of the main purposes of this chapter to record the precise 
mditions of variability of the metric features, discussed so far, in the 
‘bbon material of this study. The latter is of particular suitability 
id interest, inasmuch as it represents an unsually large series derived 
‘om a limited district and collected and measured in a uniform manner. 
tandard deviations and variation coefficients of metric characters in 
on-human primates are still very scarce in the literature and are 
2eded in physical anthropology for basic comparisons with the cor- 
»sponding statistical data appertaining to human series. 
Table 10 lists the degrees of variability in the proportions of the 
ter body of the adult gibbons of the Angka series and, for comparison, 
» adult male spider monkeys from one locality. It is seen first of all 
at these proportions can vary in widely differing intensity. For 
stance, the relation between the lengths of the upper and lower ex- 
emities is very much less variable than are the relations in lengths 
tween the extremities and the trunk and this in all three series in 
re 10. The height-width proportion of the face is more variable 
an the length- width proportion of the brain part of the head not only 
male and in female gibbons, but also in the spider monkeys. The 
lative shoulder breadth is much more variable than the relative hip 
eadth, again in all three series, and since both these indices have the 


€8°0+121'8 149° 0016 99° 04088 | LOOFFL) 600+ IGT 60 0+6TT OL 0+S'8 €LOFE EL 6LO+G'ET 9ZI8 IO “OY 
98°0F L0'6 0S°0+08°9 19 0+69°L | 8SLO+TFET SL 0+99'T CLT O+S6T 93° 0+V1S LV OFFS TS 0+1T'S36 xOpul Ie[nv0le}UT 
PP O0FEOP OF OFFS 9 6G 0+SC9 | GSS0+F9'S 63 0+60'E 93 0O+61'E 98° 0+0° LS TS 0+F 8h CS OFL SBP XoOpurl vdB iT 
TE 0363'S 83 0+ F8'S SS OFFFF | Sf 0+19'S 93 0+ ESE LE 0+06'S SF 0+0 TS L€°0+6 16 EF 0+SL8 xoput orpeydap 
LV OFE6OP 6 0FL9°9 9F 0+F08'S | 86 0+663 Go 0+ 68'S $2 0+966 66 0+3'6S 9¢°0-+-9 TS 8°00 TS qqstey covey ssddn ‘fay 
9F 0+ LEP TP 0+ PGS GP 0+39'S | 600960 80°0+80'T 80'0+S0'T ETO+S6L IT OFC 6L SLOFL St | qystoy oeF ‘Toy 
8° 0+66'E €8 OF OFF LE OBS F | 60°0+56'0 60°0+9TT 60°0+9T T EL O+8'ES BL 0+0°9G EL OE SS 9ZIs pve "[OY 
a os GSS O0+8E's SS0-FrLy |i. EL OFIL'L 0G 0O+9F'S ey aes 8L'0+06S L¢0+6TS | yysuay, quiny4 *[ey 
LEO FES CF O+81'9 8EOFSGLF | OLOFFOT 60° 0+83 T 80°0+96'0 PLO+P 9G EL OFL03 TL 0G 06 Yyypeeiq puey ‘[ey 
Se'0+69'E OF OF EFS 68'0+E8F | 800080 800+ FLT 80°0+66'0 LVO+FL 16 6LO+0'TS TL 0+G'06 Y}pveig JooF “ley 
2€°0+98'E EF 0+ 6S 9F'0+0L'S | LT OFIS'T GO O+F8F' ES LOOFVE'E $3 0+6'9P 9G 0FL'8S LE0+6'8¢S yysuel] puey ‘Toy 
9S O0+6L'E 6€ 0+ 18'S GP OFLSS | [7000'S OS OF FLS 66 0FGLS 0€ 0-+0°8S 83°0+9 TS 0g 0+9'TS | yysual 4OoF “Tey 
$2 0+6F'S 0S OFI8'S GG OFIL'S | FO 0FES'S 66 0+60'E ES UFEOS PE U+C TOL [SOFE LOL Ge 0FU'80L xopurl [erpoelg 
8LOFI6T SL O0+60°6 ES OFFSS | LEOFZST €TO+F9L T 6 OFIFS Go O+T'S6 8LO+TF8 LO 0+6F8 xopul [einigy 
036 0+80°% elOFEST STOFIZS | LO0+S8'S G6 OFBU'E 66 0+ F9'€ 880+ LeL Te O0+F9O FIT OF 0F8'PIT Xopul [BIquloultoJUuy 
Seo+P9's LE 0+L0°S OF 0+E0'S | 29 0+FS'9 T60+EP'GL LOOF9TGL | 88 0F96LZL SAIFESHG FET+E8 TPS yysue_ quit seddn ‘joy 
680+ 10°F LE0+FG0S OF 0O+FG0'S | 190+ EES CGC OGG L 69 OFFER L CLO+S0EL LL0+68FL G8 0+0LFT Y{2ue] QUIT, IaMOT “[EIz 
SE O+F9E'S COOFSL FE CEO+FEer Ph | PE 0FLG'E TP 0+09'9 LV0+8TS 8SPO+P90L 890+8 LIL L90+S9°9TT Xopul 4soy—) 
84'0+666 9¢°0+00°S PPO+FLPS | [L000 T 9TOFLTS 6T0+LE'S 90S 0F 36 O+PF EF 9S O+FE EF yypeerq dry “Tey 
Go 0+ E8'S Co O+6F L SX O+F8TS8 | €70F0FS OS OFFI F €SOF8lF 680+ [F ep o+eEe'ss 9F OFT TS Yjpveiq Jeplnoys “ley 
88 0+F0'F 68 0F8E'S SE O+08'F | 6F OST S 19'O+88'8 LG OFITL OLO+FOLEL 980+8SST 6L°0+T 6FI “LIFUIMIITD JSolD “TOY 

: < u : 3 2 : ¢ P "py “we sopidg = ¢ 

: £ ‘py woqary =z 

(0)a +0 (o)q #0 (Va FV S phe ey Se 

*(DWDUDG 


“nbruyQ wo1f suaunoads 6g) rhosfloabh sajayp aypw ynpvo (g) pun ‘(sar.as vybup fo suaunoods gp) 10) sagvqojiy ayow ynpv (Z) ‘(sarias vy¥bup fo suau 
-wads 1g) 1) saynqojhy ajowaf ynpv (7) fo suoysodoad fipog ay) 1of siotia ajqnqoid vay) pun ‘syuanoryffeoo uoynrtoa ‘suoypoiiap pivpun)s ‘sabosarp 


Ot ATAVL 


32 


AGE CHANGES AND VARIABILITY IN GIBBONS 33 


same denominator (trunk height), it can be concluded that the shoulder 
breadth is a more variable measurement than the hip breadth. 

It is seen from table 10 that in regard to the great majority of the 
body proportions the variation coefficients of the gibbons are higher 
than the corresponding coefficients of the spider monkeys. The arith- 
metic means of all variation coefficients (and their probable errors) ?? 
equal 5.21 + 0.42 for the series of adult female gibbons, 5.24 + 0.38 for 
the series of adult male gibbons, and only 4.26 + 0.40 for the series of 
adult male spider monkeys. Based upon these figures it can be stated 


_ that there is no significant sex difference in regard to the variability 


of the body proportions in gibbons and that gibbons are in general 
more variable in their body proportions than are spider monkeys. 
This is not the place for attempting an extensive comparison between 
the conditions of variability in gibbons and those in series of human 
beings. Only a few random samples of such comparisons will here be 
recorded to indicate at least in a preliminary way the degree of vari- 
ability in the present series of wild simian primates, as measured in 
terms of the variability of modern man. The variation coefficient of 
the cephalic index equals 4.44 and 3.84 in adult female and male gib- 
bons respectively. The same coefficient amounts to 4.14 in 209 adult fe- 
male and to 4.69 in 169 adult male Swiss from the Bernese Oberland 
(Bosshart, ’39), to 3.70 in 100 adult female and 3.85 in 100 adult male 
Germans (Fischer, 713), and to 4.22 in 8798 adult male Irish (Hooton, 
40). Among colored races the variation coefficient of the cephalic in- 
dex has been recorded as 3.90 in 100 adult male Papuans (Schlagin- 
haufen, 714), as 4.50 in 73 adult female and 4.40 in 79 adult male Marque- 
sans (Sullivan, ’23), as 4.68 in 125 adult female and 4.63 in 125 adult 
male Javanese from near Njalindoeng (Nyéssen, ’29), and as 3.89 in 
51 adult female and 3.57 in 54 adult male ‘‘Blacks’’ from Jamaica 
(Davenport and Steggerda, ’29). The arithmetic mean of the variation 
coefficients in these twelve human series, selected merely as the first 
reports which came to hand on the writer’s book shelves, equals 4.18, a 
figure half way between the values of these coefficients in female and 
in male gibbons. It appears, therefore, that, generally speaking, the 
present series of wild man-like apes does not differ significantly from 
human series in regard to the degree of variability of at least one of 
‘the body proportions — the cephalic index. 


2Tn order to render these averages strictly comparable, the relative thumb length was 
omitted in the calculations, since this proportion is unobtainable in Ateles which normally has 
no outer thumbs. 
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Table 11 shows the degrees of variability of some skeletal dimension} 
and proportions in the adult gibbons of the large Chiengmai series; 


| 
} 


Dimensions of bones and the proportions based thereon can be ob] 
tained with even greater precision and uniformity of technique tha1 


can measurements on the outer body. Again it is found that the rela 
tion in length between the upper and the lower extremity is exception 


| 
| 


case of the males. This contrasts strikingly with the degree of varia 
bility in the relation between the lengths of the humerus and the claj} 
vicle, the variation coefficients of this index lying above 5 in both sexes}} 


TABLE 11 


Averages, standard deviations, variation coefficients, and their probable errors for so 1 
skeletal dimensions and proportions of adult gibbons (Chiengmai series). * = only 96 speci) 
mens. All measurements taken on left side, except in cases in which a left bone was disease) 
or broken and a measurement from the corresponding right bone had to be substituted. 


87 ADULT FEMALES 97 ADULT MALES 
HYLOBATES LAR 
A+ E(A) o + K(c) C + E(C) A+ E(A) o+ K(a) C+E 

Length of j 

femur (mm.) 200.6+0.68 9.41+0.48 4.68+0.24 *202.3+0.60 8.56+0.41 4.24+ 0.28 
Length of 

humerus (mm), 2382.20.73 10.17+0.52 4.38+0.22 235.9+0.72 10.28+0.49 4.36+0.4] 
Intermembral 

index 130.2+0.19 2.60+0.13 2.00+0.10 *131.4+0.17 2.40+0.11 1.830.) 
Crural index 86.40.17 2.31%0.12 2.67+0.14 *86.4+0.15 2.09320.10 2.420) 


Brachial index 109.8+0.21 2.89+0.15 2.6340.13 110.4+0.23 3.32+0.16 3.0140. i 


Claviculo-humeral i 
index 87.140.15 2.07+0.11 5.58+0.28 37.00.14 1.94+0.09 5.24--0.2i) 


That the intermembral index has an unusually low variability and thif 
claviculo-humeral index a very high one, holds true also in regard ti 
many other primates, including man (Schultz, ’37 a). 

The percentage distribution of individual variations in these indicel 
is shown in figure 8 by the example of the brachial index. The sa 
figure shows for comparison the frequency polygons for the brachie} 
index in adult orang-utan and in adult man. In all three of these serief| 
the ranges of variations extend over practically 20 index units. Thi 
group of orang-utans is composed of specimens from many widel4 
scattered regions of Borneo and of Sumatra and the human group i 
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cludes many different races (Schultz, ’37a). In contrast to this, the 
group of gibbons contains only specimens from one small district. It 
is interesting to find that in the geographically very limited gibbon 
series variations spread over as wide a range as in the two heterogene- 
ous series. 


a 


HIENGMAI) (gaa 


a He 
ORANG-UTAN (404) 


ta) 
lJ 
s 
w 
S 
i 
ZA 
ul 
o 
a 
uJ 
i. 
a 


63 67 U 75 79 83 87 oO 95 99 ‘403 407 4M MS M9 
} BRACHIAL INDEX 


Fig. 8 Frequency polygons showing the percentage distribution of variations in the skeletal 
| brachial index of some adult primates. The polygon for gibbon is constructed from the data 
appertaining to adults of the Chiengmai series; the polygon for orang-utan is based upon the 
material used for another study by the author (’41 a) and that for man shows the distribution 
of the combined variations in many different human races, as recorded in detail elsewhere 
_ (Schultz, ’37 a). The perpendicular white lines indicate the position of the averages of these 
series. 


es 


t 
| Table 12 compares the arithmetic means of the variation coefficients 
}of the two absolute lengths and the four indices in table 11 with the 
imeans of the same coefficients in other groups of primates which have 
) already been recorded by the author (’837 a) in another paper, for which 
(the genus Hylobates had been but poorly represented. These means, 
naturally, would indicate very little by themselves, but, being based 
Bon exactly the same absolute and relative measurements in every 
case, they serve as an entirely comparable expression of the relative de- 
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gree of variability for each series. According to these figures, tlh 
Chiengmai series of gibbons is practically as variable in regard | 
these particular characters as are gorillas, female orang-utans, fema 
macaques, American Indians, Chinese, and male whites. All remaining 
groups in table 12 are slightly more variable. The average of the 


TABLE 12 | 

Arithmetic means of the variation coefficients and their probable errors of femur lenght 
humerus length, intermembral index, crural index, brachial index, and claviculo-hwmeral ind 
for various adult primates. Gibbon according to data in table 11; all other primates accorda 
to Schultz (’37 a), except the series of adult ¢ Rhesus monkeys (M. mulatta) which has be@ 
increased from 19 to 36 specimens. For some of the data the total of specimens was slight 
smaller than listed here, the details having been recorded in the former paper by the auté@ 


(C87 a): 
PRIMATE SEX SPECIMENS CG + E(C) 
: 2 87 3.66+0.18 
Ss 3 97 3.52+0.17 
9 110 4.30+0.19 
White 3 122 3.77+0.16 
2 111 4.18+0.19 
Negro 3 122 4,060.17 
e) 49 4.07 +0.28 
Eski 
Ee 3 73 4.29+0.24 
2 54 3.74+0.24 
India 
ay 3 64 3.69+0.22 
Chinese 3 39 3.54+0.27 
Gorilla 2 60 3.59-+0.23 
3 93 3.84-+0.20 
Chimpanzee g 60 4.58+0.29 f 
3 45 4,33+0.32 H 
Orang-utan 2 39 3,580.29 
3 41 4.74+0.38 
Macaque .°) 60 3.48+0.21 
(M. mulatta) 3 36 4.71+0.37 


figures for man equals 3.96 + 0.22. In view of the size of the proba 
error, the latter value does not differ to a significant degree from 
corresponding value for gibbons (3.59 + 0.17). 

Table 13 shows the statistical data appertaining to the variability | 
the cranial length-breadth and length-height indices in adult eibbor ! 
siamangs and orang-utans, all measured by the writer in a unifon } 


| 
| 
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manner. Both these indices are, on an average, lowest in the slamang 
and highest in the orang-utan, the various species of gibbons occupy- 
ing an intermediate position regarding these two proportions. The 
cranial length-breadth index varies in the species H. lar between a 
minimum value of 68 and a maximum value of 86 and the correspond- 
ing indices of all other gibbon species do not extend this range of indi- 
vidual variations. On an average the gibbons of the Chiengmai series 
are mesocephalic, but individually they vary all the way between hyper- 
dolichocephaly and the upper limit of brachycephaly. From figure 9 


TABLE 13 


The cranial length-breadth index (upper half of table) and the cranial length-height index 
(lower half of table) of adults of different species of Gibbon (H.), of Siamangs and of 
Orang-utans. The latter series has been used in another paper by the author (’41 a). 


SPEOI- RANGE OF yy 
SPECIES aa EONS A+ E(A) o¢+ E(o) C+ H(C) 


H. lar (Chiengmai) 182 68.3-84.8 77.20.15 2.93+0.10 3.80+0.13 
H. lar (Malay Peninsula) 66 70.7-85.7 77.60.26 3.18+0.19 4.10%0.24 
H. pileatus (South Siam) 17 69.5-79.7 74.30.46 2.790.32 3.75+0.43 
H. moloch (many localit.) 44 68.6—83.8 76.0+0.34 3.39+0.24 4.46+0.32 
H. gabrielli (Indo-China) 17 67.8-81.5 74.60.55 3.340.39 4.47+0.52 
H. agilis (many localit.) 22 70.4-79.3 75.2+0.34 2.40%0.24 3.19+0.32 
H. klossi (Pagi Islands) 12 70.0-78.9 75.60.48 2.44+0.34 3.23+40.44 
Symphalangus syndactylus 31 67.7-79.8 73.40.39 3.20+0.27 4.36+0.37 
Pongo pygmaeus (many loc.) 105 69.7-91.9 82.2+0.24 3.70+0.17 4.50+0.21 
H. lar (Chiengmai) 182 60.2—75.9 67.8+0.14 2.89+0.10 4.2640.15 
H. lar (Malay Peninsula) 66 61.0-74.4 67.40.27 3.21+0.19 4.76+0.28 
H. pileatus (South Siam) 17 60.3-66.3 63.20.26 1.60+0.18 2.53=£0.29 
H. moloch (many localit.) 44 59.2-73.1 65.70.33 3.220.23 4.90+0.35 
H. gabrielli (Indo-China) 17 61.8—73.1 68.2+0.55 3.350.39 4.91+0.57 
H. agilis (many localit.) 22 58.8—68.4 64.90.34 2.380.24 3.67+0.37 
H. klossi (Pagi Islands) 12 66.7-72.0 68.80.33 1.68+0.23 2.44+0.34 
Symphalangus syndactylus 31 54.8-65.9 60.90.34 2,820.24 4.63+0.40 
Pongo pygmaeus (many loc.) 105 68.0-86.3 75.30.26 3.98+0.18 §.290.25 


it is evident that the cranial length-breadth index of H. lar does not 
differ significantly in specimens from the Malay Peninsula and in those 
from the neighborhood of Chiengmai. Judging by the variation co- 
efficients of these two skull indices, the Chiengmai series is somewhat 
less variable than are the series of H. moloch and of H. gabrielli, as 
well as the series of orang-utans. It must be mentioned, however, that 
of the latter series each contains specimens from many different and 
widely distributed localities. In table 14 are shown additional varia- 
tion coefficients for these cranial indices in two series of wild monkeys 
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and in some human groups. The latter are random samples from the 
mass of similar data, available in anthropological literature. Of the | 
two series of monkeys each was collected by the author in a very small 
district of eastern Nicaragua, thus they are well suited for comparison 
with the gibbon series from the district of Chiengmai, inasmuch as all | 
three of these series are strictly limited regarding the localities of | 


MM = CHIENGMA! SERIES 


== MALAY PENINSULA 
“TIE SERIES! 


=| 


a 


Fn ow 
on SG 
Ht 


co a ea 
S lea ape 
oe 
z fe Geman 


~ 
a Ss 


od 
i) 


oo 


| 


+ 


2 % 16 78 80 82 
CRANIAL INDEX OF ADULT HYLOBATES LAR 


84 


a 
oo 


Fig. 9 Frequency polygon showing the distribution of variations in the cranial length- 
breadth index of adult Hylobates lar. The solid black polygon is based upon the data for the 
Chiengmai series, the added, shaded portions of the polygon represent the corresponding varia- 
tions in adult H. lar from the Malay Peninsula (tables 8 & 13). 


their origin. It is seen that the length-breadth index of the skull is much | 
less variable in howler monkeys than in gibbons, but nearly as variable 
in the latter as in spider monkeys. The same index has on an average | 
a slightly higher variation coefficient in man than in the Chiengmai 
series of gibbons, but there are several human groups which do not 
differ significantly from these gibbons regarding the degree of varia- 
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bility of the character under discussion. The length-height index of 
the skull shows practically the same variation coefficient in the Chieng- 
mai series as in the average of the ten human series. 

From these preliminary and quite incomplete comparisons regarding 
the variability of proportions of the outer body and of the skeleton it 


TABLE 14 


The variation coefficients and their probable errors of the cranial length-breadth and length- 
height indices in 2 species of American monkeys and in various human groups, selected at 
random. The probable errors for the coefficients in Bavarians have been calculated by the 
writer from the original data by Ried. 


0 + E(C) 
SERIES OF ADULTS SEX ehh AUTHOR 
L.-B. Index L.-H. Index 
Howler monkey 2 60 Oats OAT | ene weave, oye 
(Alouatta palliata) 3 50. 3084020 5 cashes Schultz, 1926 b 
Spider monkey so] 24 4202048) Te acakraccae 
(Ateles geoffroyi) 3g cy ote rn SIRI EASED 
Altai Mongols l&S 87 4.65+0.23 4,280.21 Reicher, 1912 
. C Island 2 81 3.120.16 3.280.17 
aaa are oh eg 239- Hooton, 1925 
fore 3 245 = 3,030.09 3.40-+0.10 
American Negroes fof 82 FB 0;2OM We oye ae)ecsuts Charles, 1930 
American Whites 3 87 Decree Oona esp aroare ove Charles, 1930 
Swiss (Eastern Alps) C&S 55 3.710.24 3.48+0.24 Reicher, 1912 


26 3.76+0.30 3.88+0.36 
44 3.50+0.25 4.21+0.30 


Austrians (Vorarlberg) Wacker 1018 
d 


128 4.73+0.20 4,650.20 


S) 
3 
Austrians (Carinthia) 2 
Jb 261 5.20+0.15 5.29+0.16 
2 
3 


Shapiro, 1929 


43 3.750.27 5.8340.42 
101 3.8340.18 4,.91+0.23 


Bavarians (foothills of 


' Ried, 1911 
Bavarian Alps) 


Arithmetic means for man 4.11+0.22 4.32+0.24 


can be concluded tentatively that the gibbons of the Angka and the 
Chiengmai series possess practically the same degree of variability 
as the average human series. This result is rather surprising since it 
can be assumed that the genetic and environmental factors influencing 
modern man are less uniform than those appertaining to wild apes from 


one locality. 
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In a chapter devoted to variability it is appropriate to include a dis- || 
cussion of asymmetries since these represent, in a sense, independent | 
variations in the two halves of the body. The problem of asymmetries 
in primates has already been dealt with by the author (’37 a) in an- 
other publication, for which, however, there had been comparatively 
few gibbons available. Table 15 shows the main results of the present 
study appertaining to bilateral differences in the lengths of some long 
bones and of the clavicles in adult gibbons. The series utilized here in- 
cludes the comparatively few specimens of the former study which | 
had been measured by the author. The total of the series fluctuates in| 


TABLE 15 


Percentage distribution of asymmetries and averages of relative asymmetries in the long 
bones of the limbs and the clavicles of adult gibbons of the General Series II. The relative 
asymmetries express the differences between corresponding measurements on right and left |W 
bones in percentage of the smaller of the two measurements; cases of symmetry (=O) are \f 
included in the calculation of the averages. r.>=right bone longer than left, l. > = left 
bone longer than right, r.=1. = right and left bones of equal length. 


HUMERUS FEMUR 
an pea HUMERUS RADIUS on FEMUR TIBIA ee OLAVICLE 
Totai of cases 211 212 193 212 217 199 211 
Lo 33 oil 33 39 35 43 Sy 
Percentage : 
distribution of Le 40 50 52 35 35 36 43 
asymmetries 
yell 27 19 15 26 30 21 20 
Average of relative 
asymmetries 0.59 0.65 0.46 0.63 0.65 0.48 1.73 


the different columns of table 15, because no bones with healed frac- 
tures or signs of disease have been included nor any of those bones | 
which had become extensively broken at the death of the animal. The 
conditions relating to asymmetries have been found to be essentially 
alike in the Chiengmai series and in the remainder of the gibbon ma- 
terial studied. For this reason only the findings for the entire and 
large General series II are recorded here. 

The data in table 15 support the conclusion that asymmetries in the }) 
bones of the upper extremities favor the left side much more frequently 
than the right side, whereas in the bones of the lower extremities and | 
in the clavicles asymmetries favor both sides with similar frequency. | 
The average relative amounts of asymmetry in these bones is shown | 
in the lowest row of figures in table 15. Humerus, radius, femur, and | 


AGE CHANGES AND VARIABILITY IN GIBBONS 41 


tibia are asymmetrical in practically the same degree and very much 
less so than are the clavicles. The combined measurements of two ad- 
joining limb segments are on an average less asymmetrical than are 
the single measurements and this regarding the upper as well as the 
lower extremity. By comparing the results relating to gibbons with 
the corresponding findings in the great apes and man (Schultz, ’37 a), 
the following general conclusions are reached: In the bones of the up- 
per extremities asymmetries favor the left side more frequently than 
the opposite side in gibbon, chimpanzee and gorilla, and the reversed 
condition is characteristic of orang-utan and man. No such clear pre- 
ference for one side is evident in the asymmetries of the bones of the 
lower extremities, except in the case of man in whom the left bones are 
the longer ones more frequently than are the right ones. The average 
relative asymmetries of the limb bones are somewhat larger in the 
great apes than in the gibbons, but in the former, as in the latter, they 
are practically alike in the upper and the lower extremity. This is 
noteworthy, because in man the bones of the upper extremities are 
characterized by a much higher degree of asymmetry than exists in the 


- bones of the lower extremities which are no more asymmetrical than 


those of gibbons. In the great apes and man, just as in the gibbon, the 
clavicles are very much more asymmetrical than any of the limb bones. 


DENTITION 
Sequence of eruption 


The sequence of eruption of the deciduous teeth in the gibbon has 
been reconstructed from the findings in infantile skulls of which a total 


- of 22 could be examined. In two of these specimens only all the incisors 


and lower first molars have appeared and the latter teeth are not fully 
out. That the first dentition of gibbons starts with the (middle) inci- 
sors is shown also by the following two cases: According to Robinson 


| (725) a captive-born baby of H. lar had only its four middle incisors at 
the age of 6 weeks and the infantile H. leucogenys, mentioned in a pre- 


vious chapter, had only all four middle and the lower lateral incisors at 
the known age of 29 days. In another infantile gibbon skull the milk 
dentition is represented by all incisors and first molars, which are fully 


erupted, and by the canines, which are about half-way out, but the sec- 
ond molars are still entirely inside their alveoli. In many other skulls, 
finally, it is quite evident that the second molars are the last deciduous 


teeth to appear, since they alone do not participate in full occlusion 


and have not become as extensively and deeply stained as all the other 
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teeth. It is mentioned also that generally the lower teeth erupt slightly }, 
sooner than the corresponding upper teeth. The typical sequence of'}} 
eruption in the first dentition of the gibbon is shown in table 16, where |] 
it is compared with this sequence in other primates, as far as such} 
information has become available. From this table it can be concluded }} 
that in all these Old World primates the incisors are the first decidu-| 
ous teeth to appear and that they are followed invariably by the first']) 
molars. In lower catarrhines, gibbons and man the canines are the: 


TABLE 16 


The sequence of eruption oe the deciduous teeth in gibbon and other primates, as far as 
known. i1 = middle incisor, 12 = lateral incisor, c = canine, m1 = first molar m2 = second A 


ne sequence. 


PRIMATE AUTHOR SEQUENCE OF ERUPTION 
Macaque Schultz, 1933 a 1-i2—(m1 ¢)—m2 
Proboscis monkey Schultz, 1942 a @ i2)—m1—c—m2 
Guenon Selenka, 1899 * i1-12—m1-¢<—m2 
Gibbon Present study i1-i2—m1—ce—m2 
Orang-utan Schultz, 1941 a i1—(i2 ml)—m2-¢ 
Chimpanzee Schultz, 1940 b j14A2—-m]l-m2-« 
Gorilla (footnote 13) i1-12—m]—m2-—e 
Man Eidmann, 1923 j1-12—m1-c—m2 


*Selenka (1899) gives two diagrams showing the sequence of eruption in the first dentition}j 
of gorilla, each being based upon his findings in two infantile skulls. According to one dia-|| { 
gram this order would be: il —i2—ml—m2-—eg, but according to the other diagram the 
canines appear before the second molars. According to the writer’s observations on 4 infantile/# 
gorillas (1 living captive, 2 preserved specimens and 1 skull, all with incomplete first denti- 
tion), the sequence of eruption is clearly that entered in table 16 which is also supported by 2 
of Selenka’s cases. 


next teeth to erupt and the second molars are added last to the decidu-4 
ous dentition. In contrast to this, the second molars erupt before the 
canines in all three great apes. It seems most likely that this order o 
eruption in the great apes represents a newly acquired specialization] 
and that the sequence of eruption in man and gibbon is the originall 
condition. 


The sequence of eruption of the permanent teeth of the gibbon has: 
been studied by means of the dental formulae of the 118 juvenile speci- 
mens, listed in table 17. On the basis of these data and considering also} 
the relative frequencies of particular formulae as indications of the 
age intervals between the appearances of successive teeth, it is possible} 
to construct the sequence of eruption, typical for the gibbon, as follows | 
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TABLE 17 


Dental formulae of 118 gibbons with at least part of the permanent dentition, but without 
having all permanent teeth fully erupted, arranged to show the sequence of eruption of the 
permanent teeth. Forty of these cases are from a former paper by the author (735). 
I = permanent incisor; C = permanent canine; P= permanent premolar; M = permanent 
molar; u.= tooth of upper jaw; l.== tooth of lower jaw; w. = wild specimen; c. = captive 
specimen ; x= times. 


SPECIMENS DENTAL FORMULA INOOMPLETELY ERUPTED EXOPPTIONS (single cases) 
ii¢mm _ TOM iicmm 
: iicmmM rs licmm ™ 
iicmmM Mi Iliemm 
2 jiemmM De Tiemmm ™ 
iicmmM Boeik Ul 
- TiemmM 2xu.&1, MI 
TiecemmM 
3 jiemmM ec 32e 
licmmM Byech alk abl 
8 ITicmmM lx u. Ml 
TicmmM 
19 Thieantint BY se 1k 1 
IlemmM jJicmmM _ 
8 IlemmM Txu, 12 IlemmMM ™ 
I M 
2 aes Qe eo x2 
IliemmMM IIlI-PmM 
8 alam aa a) 5 We die Ibe ehh Ee roese ET 
IIlemmMM 
4 TiePmMM ERE 
IIlIcPmMM IIemPMM 
2 TIcPmMM IIlemPMM “: 
IIecPPMM IicPPMM ~ 
1 IIlemPMM u. Pl —~TemmMM 
M 
8 a ME 1x u. Pl & 1. P2 
IlePPMM IICPPMM 
629&3¢ TICPPMM 49&381.0 TIlePPMM “ ? 
TiC PPMM iL IePPMM 
IIlePPMM Jen EMA 
eres TiCoR Mee ee: TicppmMM “do 
Opes Pe vioM 3 gu. C & 1. M3 DLS EMM Mees 
29&46¢ TICPPMMM 1 gf also 1. C TCs MaMa ss 
IICPPMMM 8 fu. C; 3 gu. M3 
52 & 8S TLOREMUMM (oh eee 


1 @ also 1. M3 
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Lower first molars; upper first molars; lower and upper middle inci-}) 
sors; short interval; lower lateral incisors; upper lateral incisors ;] 
lower second molars; upper second molars; short interval; lower and} 
upper first and second premolars in rapid and irregular succession;] 
short interval; lower canines; upper canines and lower third molars ing 
rapid succession; upper third molars. It must be mentioned that the} 


species of gibbons, that the eruption of a tooth, as defined here, begins: | 
when its crown reaches above the alveolar margin (not above the gum),J) 
and that a tooth is ‘‘incompletely erupted’’ until the state of occlusion) 
has been attained. It is noteworthy also that only one of the many ex-} 


HYPOTHETICAL © Mi M2 M3 [1 l2 Mi P2 C 
LaNeuR Mi M2 It l2 M3 [i Pal C 
ORANG-UTAN My — I [2 Ma] [i Pa] C Ma 
cHimpanzee Ma [it [2 M2 [Pi Pa] C Ma 
“econ = Mit Tz M2 [Pie] © Ma 
Fossit MAN M4 [i I2 Ma [Fi P2] C M3 


1 
} 
| 
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SEQUENCE OF ERUPTION OF PERMANENT TEETH : ; 


Fig. 10 Diagrammatic representation of the sequence of eruption of the permanent teethifl 
in different primates. The teeth shown in parentheses appear in rapid and often irregular suc-f) 
cession ; the spaces between letters indicate by their relative size the intervals in dental eruption J) 


ceptional, atypical conditions occurs in a captive specimen. The precise | 
sequence of eruption of the premolars varies more extensively than that! 
of any other permanent teeth not only in the gibbon, but also in most! 
other primates (Schultz, ’35), including man (e. g., Grewel, ’35). That 
the general order of appearance of the permanent teeth in the gibbon | 
agrees very closely with the sequence of eruption .in orang-utan, chim- 
panzee and fossil man, but differs extensively from the sequence char-| 
acteristic of modern man, is shown by the diagram in figure 10. Thef 
evidence for and significance of the conclusions represented in figure 10 
have already been discussed in former papers by the author (35, ’40 bf 
41a). The new findings appertaining to the gibbon call for no change 


AGE CHANGES AND VARIABILITY IN GIBBONS 45 


in the writer’s earlier, general conclusions, but give the latter new 
support. A significant, though minor, distinction of the gibbon among 
simian primates consists in the lack of a marked interval between the 
appearances of first molars and medial incisors. Such a resting period 
has disappeared entirly in many human beings. It is recorded here also 
that the sequence of eruption in the second dentition of siamangs is 
exactly like that of gibbons, as far as this is apparent in nine juvenile 
skulls of Symphalangus, examined by the writer. 


Occlusion 


In the dentition of wild gibbons there exists normally perfect and 
uniform occlusion with the exception of the incisors which vary con- 
siderably regarding the exact relation between the upper and lower 
teeth. The percentage distribution of individual variations in this re- 
lation changes with age not only in the gibbon, but also in other pri- 
mates, as is shown by the data in table 18. The deciduous incisors of 


TABLE 18 


Age changes in the relation between upper and lower incisors in gibbons (417 specimens of 
various species) and some other primates, the latter according to previous reports by the 
author (’40 b, ’41 a, ’42 a). 


PERCENTAGE OF OASES WITH: 


TOTAL 
Fe =a CASES Underbite Bdge to Overbite 
edge 

Proboscis m. 12 42 58 0 
INFANTILE Gibbon 31 0 29 71 
& JUVENILE I QOrang-utan 24 0 71 29 
Chimpanzee 32 9 66 25 
Proboscis m. $ 75 25 0 
Gibbon 67 4 30 66 
SUVENTLE Mt Orang-utan 22 4 55 41 
Chimpanzee 20 0 40 60 
Proboscis m. 26 77 23 0 
Gibbon 319 6 54 41 
“vais Orang-utan 110 4 85 11 
Chimpanzee 29 7 79 14 


the gibbon meet edge to edge in about one third of the cases of infants 
and juveniles I, and in the remaining two thirds of the cases the upper 
incisors project beyond the lower ones. The opposite relation between 
upper and lower incisors, or underbite, occurs rarely in gibbons and 
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was found only among permanent dentitions. Hdge to edge bite is |i 
present in only slightly more than half of all adult gibbons, according J] 
to the writer’s data. Colyer (’36), who has examined a total of 277 
gibbons, states that: ‘‘In Hylobates, although the incisors in the adult 
animal usually meet ‘edge-to-edge’, quite a number of specimens are 
seen in which the upper teeth close in front of the lower teeth’’. The 
same author found underbite in 3.2% of his gibbon material which, 
however, has not been classified according to age. The incidence of 
overbite decreases with advancing age in the gibbon, as shown by table 
18. In old animals with marked to extreme degrees of dental attrition 
overbite exists in only 25% of the (67) specimens, whereas in the 
youngest gibbons this condition occurs in 71%. In the proboscis mon- 
key, on the other hand, overbite has not been observed at any stage of 
development. In orang-utan and chimpanzee overbite is less frequent 
and edge to edge bite more frequent than in the gibbon and this in all 
three age periods, listed in table 18. 


Sex difference 

In adult catarrhine primates the sexes can, as a rule, be readily de- 
termined by the size of the canines, these teeth being much larger in 
males than in females. The two exceptions to this rule are represented 
by man, in whom the canines are small in both sexes, and by gibbons 
(and the closely related siamangs), which possess large canines in 
males and in females.'* Upon closer examination, however, it is found 
that even in the gibbons the canines are somewhat larger in males than 
in females, though this difference is not nearly as pronounced as in 
most other catarrhines. This fact had been observed by Kirchner (1895) 
in a series of Hylobates moloch (erroneously named ‘‘H. concolor’’). 
This author even claimed that the lower canines are always longer in | 
males than in females, if one considers the total length, including the | 
root. The writer has measured the heights of the crowns of canines in 
all gibbons in which these teeth had become fully erupted, but not yet 
noticeably worn. Such specimens are comparatively rare. The averages 
and ranges of variation for these measurements are listed in table 19. 
It is seen that, on an average, male gibbons do have longer canines than 
have female gibbons, a difference which is most pronounced in H. agilis 
and least in H. gabrielli. 


* Among the lower catarrhines this sex difference is least pronounced in the guenons, the 


females of which having canines of very considerable size, though not of quite as great a | 


length as have males, 
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TABLE 19 


The length of the canines in gibbons in which these teeth had become fully erupted, but not 
yet worn. Averages above, ranges of variations below. The length of the canine is measured 
(in mm.) in @ straight line on the lateral side of the tooth from the edge of the alveclus to 
the tip of the crown. 


SPECIMENS UPPER CANINES LOWER CANINES 
SPECIES 
ier haan 9 3 9 o 
17.1 19.4 11.2 12.2 
Hla 2 
a yo ae 14-20 15-23 9-13 10-15 
17.9 19.6 11.2 12.7— 
H, moloch ¢ 
see cenie 16-19 17-22 10-13 11-14 
; 18.7 18.9 12.5 12.6 
H. gabrielli 
gebrte Paes 17-20 17-21 11214 11214 
; 17.8 18.5 12.3 13.0 
_ pil 
H. pileatus Spies 16-19 18-19 1-14 12-14 
x 14.7 1GCMML 10G10St: st “acon 
H. agilis oo as 13-16 16-20 9-12 13-13 


Developmental defects 


Abnormalities in the dentition of primates have been described by 
many authors, especially by Bateson, (1894), Schultz (’35), Bennejeant 
(736), and Colyer (’36). The present study is concerned mostly with 
the frequency of occurrence of such dental abnormalities in gibbons. 
Only one developmental defect could be observed among 71 infantile 
or young juvenile gibbons. Of older juvenile and adult gibbons a total 
of 500 specimens (General series II) has been examined by the writer. 
Of this series 222 specimens belong to the Chiengmai series which is 
dealt with separately. 

Marked reductions in the size of the third molars occur in the 
Chiengmai material in 12 specimens or in 5.4% of the cases and in the 
General series II in 22 specimens or in 4.4% of the cases. In 13 of the 
latter specimens upper third molars are the ones that have become 
reduced and in the remaining 9 specimens lower third molars. Seven 
times this reduction exists only on one side and 15 times it occurs 
bilaterally. In the most marked cases of reduced size there is only one 
root left and the crown has a maximum diameter of only 3 mm., 1e., 
the tooth is merely a very small peg. The extreme degree of reduction 
in the third molars is represented by total congenital lack of these 
teeth (fig. 11, G, H). This lack was recorded for 9 skulls of the Chieng- 
mai series (—4% and for 19 skulls of the General series II (= 3.8%). 
In two of these skulls all four third molars are congenitally ab- 
sent and in a third skull both lower and one upper third molar 
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are lacking. Both upper third molars are absent in one specimen 
and both lower third molars in 5 other specimens. In the remaining 10 
cases only one of the four last molars is absent and this 4 times in 
the upper and 6 times in the lower jaw. Colyer (736) found this conge- 
nital lack of third molars in 7 out of 306 gibbons (= 2.3%) and states 
that the gibbon shows a clear tendency toward suppression of its last 
molars. With this conclusion the writer is in full agreement, particu- 
larly since such suppression exists in an even higher percentage of 
cases in the present material than in that examined by Colyer. Finally, 
it is mentioned here that among 67 adult Bornean gibbons Kirchner 
(1895) found absence of third molars in two specimens (= 3%). Among 
Old World primates the suppression of third molars has progressed 
most in modern man. For instance, among over 2000 adult whites, 
examined roentgenologically by Goblirsch (’30), one or more third 
molars were congenitally lacking in 9% of the cases. In the great apes 
third molars are very rarely undeveloped. 

The congenital lack of permanent incisors was encountered in 5 
Chiengmai gibbons (= 2.3%) and in 8 specimens in the General series 
II (1.6%). In only one of these skulls is an upper incisor absent 
(left 12). Once both lower central incisors are lacking and six times 
only one of these teeth. In two of these cases the absence of permanent 
incisors coincided with the abnormal retention of the corresponding 
deciduous incisors, or at least their roots (fig. 11, N). 

Increases in the size and number of the permanent teeth of gibbons 
are much rarer than are decreases. Incomplete twinning in a tooth bud 
results usually in an increase in the size of the finished tooth. Such 
cases could be observed in 3 skulls of the Chiengmai series and in an- 
other skull among the remaining specimens of the General series II 
(= 0.8%). In two instances the upper right middle incisors are dou- 
bled (and fused), in one instance both lower canines show partial dou- 
bling of the crown and in a fourth instance the lower left second molar 
is incompletely doubled (with partial fusion at the root) (fig. 11, A, 


Fig. 11 Developmental defects in the dentition of gibbons (all H. lar, Chiengmai series, 
except F). A = incomplete twinning of r. upper I] in juv.; B = incomplete twinning of lower 
r, & 1. C in juv.; C = supernumerary upper I in ad. female; D = supernumerary lower I in ad. 
female; E = supernumerary lower P in ad. male; F = incomplete twinning of lower M2 in ad. 
female H. pileatus; G = congenital lack of upper r. M3 in ad. male; H = congenital lack of 
lower r. & 1, M3 and of one I in ad. female; I = marked crowding of lower P2 in ad. male ; 
K = extreme lingual displacement of upper r. & 1. P2 with absence of r, M1 in ad. male; == 
‘marked lingual displacement of upper r. P2 and retention of (roots of) upper r. m2 in ad. 
male; M = retention of upper r. c in ad. female; N = retention of lower r. & 1. i2 (left recently 
lost) and 1. ml with total absence of replacing permanent teeth in ad. male; O = retention of 
lower 1, ¢ with total absence of replacing C in ad. male. 
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Figure 11 
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B, F). Supernumerary teeth are most likely the result of complete | 
twinning of a tooth early in its formation. The single developmental de- — 


fect found among young gibbons consists of a supernumerary upper 


right canine, impacted alongside the corresponding usual tooth in the | 
maxillary bone of an infant H. gabrielli. Supernumerary permanent | 


incisors exist in two Chiengmai skulls and altogether in 3 skulls of the 
General series II (0.6%). In two of these cases there are 5 well de- 
veloped upper incisors and in the third case the lower incisors are 5 in 
number (fig. 11, C, D).’ Only one case of a supernumerary premolar 
was seen in the entire series (fig. 11, E). Extra molars have not been 
encountered in the Chiengmai series, but exist in 4 skulls of the remain- 
ing material of the General series I] (0.8%). One of these skulls (H. 
lar, 2, Malay Peninsula, Raffles Mus. 383) possesses fourth molars on 
both sides of both jaws and in addition an upper, left, fifth molar of 
small size. In another case there are fourth molars on both sides of 
the upper jaw and on the left side of the lower jaw, all three of the 
extra teeth being small and having each only two roots. In a third 
case small fourth molars exist in the lower jaw only. In the last case 
these extra teeth were found impacted on both sides of the upper jaw. 
It is significant that supernumerary incisors and molars exist in only 
7 skulls, whereas the congenital abserfce of incisors and molars occurs 
in a total of 27 skulls. Extra molars, present in less than 1% of 500 
gibbons, exists in 14% of over 300 orang-utans (Schultz, ’41 a). 
Among the developmental defects in the dentition must also be 
mentioned the retention of deciduous teeth beyond the period normal 
for their loss. Such cases were recorded for 6 adult gibbons from 
Chiengmai and for a total of 11 adults in the entire series (= 2.2%). 
Apparently all types of deciduous teeth can occasionally fail to be 
shed. In 7 adults milk incisors had been retained, in 2 other adults 
milk canines and in 3 adults milk molars. In five of these cases the re- 
tention of deciduous teeth coincided with a lack of the replacing per- 
manent teeth, the latter lack being most likely responsible for the 
failure to shed the milk teeth (fig. 11, N, O). At times the permanent 
teeth can erupt alongside the retained teeth of the first dentition and 
this either in their usual position or else by being crowded out of their 
normal alignment (fig. 11, L, M). Crowding of permanent teeth is 


quite common in wild gibbons. Only the very pronounced degrees of |f 
crowding have been recorded (e. g., fig. 11, I, K, L). Such cases exist in | 
the Chiengmai series in 15 specimens (= 6.8% ) and in the General series |} 
II in 24 specimens (==4.8%). Eleven times one or more incisors are |f 
crowded, 12 times premolars and 4 times molars, 13 times one or sev- 9 


1 | 
} 
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eral upper teeth are crowded and 12 times lower teeth. Crowded inci- 
sors are nearly always also twisted, crowded premolars are more rarely 
twisted. Crowding occurs more often in the lingual than in the labial 
direction. Extreme crowding in a dentition can result in the impaction 
of one or more teeth. Such impacted teeth exists in 5 adults of the 
Chiengmai series (= 2.2%). Four times a lateral incisor was seen to 
be impacted and in one case a deciduous canine (with lack of permanent 
C). Once a permanent incisor and 4 times premolars were found to be 
strikingly twisted without, however, being crowded. It remains to be 
mentioned here that in one adult H. lar an upper canine is decidedly 
rudimentary. 

From this enumeration of the more noteworthy developmental de- 
fects of teeth it is evident that imperfectly formed dentitions are sur- 
prisingly common in wild gibbons, except in regard to the deciduous 
teeth. Such congenital malformations of one sort or another have been 
encountered 61 times or in 26% of the 233 H. lar of the Chiengmai series 
(including all ages) and 109 times or in 19% of the 579 gibbons of the 
General series II. 


Pathological conditions 


In this chapter are recorded all cases showing decay and loss of teeth 
and destruction or closure of alveoli among the gibbons examined. The 
chief interest here lies not in the details of dental pathology, but in the 
_ prevalence of the more or less extensive breaking down of the dental 
apparatus in gibbons having lived under natural conditions in the 
' wild. For every dentition was recorded the occurrence of carious cavi- 
ties, of clear manifestations of alveolar abscess, and of the complete 
' loss of teeth, followed by the closure of the corresponding alveoli. A 
tooth is here regarded as ‘‘carious’’, if it contains a more or less ex- 
' tensive and irregular cavity, due to destruction of dental tissue, either 
on the crown or the neck of the tooth. As a rule, such cases are readily 
| distinguished from the destruction of a tooth caused by erosion or ex- 
' treme localized attrition during senescence (fig. 18, A, B). In the few 
| instances in which there was any doubt regarding the diagnosis, the 
(| particular teeth have not been listed as carious. Examples of alveolar 
abscesses and carious cavities are shown in figure 12. 

No pathological conditions were encountered in any deciduous teeth 
- and their alveoli. The relative frequency of occurrence of disease pro- 
cesses in the permanent dentition of gibbons changes very markedly 
with advance in age, as shown by the data in table 20. Caries was not 
' found in any juvenile gibbons and abscess formation and closed alveolus 
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each in only two specimens out of a total of 118 juveniles. Among adult 
gibbons with at most moderate attrition of the teeth caries did not oc- 
cur in the Chiengmai specimens, but exists in 3 other gibbons of the 


General series. Among senile specimens caries becomes clearly more 
frequent, having been found in 8% of the Chiengmai specimens and in | 


9% of the old gibbons in the General series II. Kirchner (1895) de- 


scribes one carious cavity in his series of 67 adult gibbons, containing 
an unknown number of senile specimens. Colyer (’36) lists 4 out of his 
277 gibbons with caries, these 4 having together 15 carious teeth. As 
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Fig. 12 Examples of pathological conditions of the dental apparatus in wild gibbons. A = 
alveolar abscesses on upper 1. 12, C and Pl in an ad. female H. lar; B= alveolar abscess on 
upper r. C in an ad. female H. pileatus; C = caries in upper r. & 1. M1 in an ad. female H, lar. 
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TABLE 20 


Age changes in the percentage frequency of specimens with carious, abscessed, and losti 


teeth and average number of teeth affected in these specimens among gibbons of the Chiengma 
series (=C.) and of the General Series II (=G. S.). The 14 infants of the Chiengmai serie 


and the 22 infants of the General Series have not been tabulated because they showed nol 


pathological conditions. The Chiengmai series contains a total of 244 specimens (including 


11 from the Chiengmai district in the Raffles Musewm) and the General Series II a total of y 


579 specimens. 


AGE JUVENILE ADULT SENILB 

SERIES Cc. G.S. Cc. G.S. CO. G.Ss. 

TOTAL OF SPEOIMENS 46 118 146 335 38 104 
CARIES 
Percentage of specimens 0 0 0 0.9 Ue 8.7 

Average number of teeth 0 0 0 1.3 cts 2.6 
ABSCESS I 

Percentage of specimens 4.3 ee HEIEG 7.5 57.9 38.5 
Average number of teeth 1.0 1.0 1.4 1.3 2.6 2.3% | 
CLOSED ALVEOLUS | 
Percentage of specimens 4.3 Usd 5.5 3.9 21.1 22.1 


Average number of teeth 2.0 2.0 1.6 1.5 1.9 2.1 | 
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this material has not been classified according to age, a comparison be- 
tween Colyer’s result and that of the writer is of limited value. In 
Colyer’s series caries exists in 1.4% of the specimens, whereas in the 
entire present series in 2.1% of the total of cases in all age groups. 
The percentage frequency of abscess formation rises from 0 in infants 
to nearly 40 in senile specimens of the General series and to nearly 60 in 
the oldest group from Chiengmai. In the orang-utan these pathological 
conditions of the dentition are more frequent than in the gibbon, and, 
as in the latter, these relative frequencies increase very markedly with 
advance in age (Schultz, ’41 a). 
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Fig. 13 Percentage frequencies with which caries, abscess and closure of alveolus are found 
in the different permanent teeth among the gibbons of General series II. 


. The loss of teeth intra vitam may be caused by a variety of factors. 
Accidents due to falls or fights may often be directly connected with 
the loss of incisors and canines. In general, however, the loss of teeth 
represents most likely the final result of some disease process. At any 
rate, abscesses, caries and closed alveoli do occur in one and the same 
dentition. For instance, in a wild, senile, male H. lar caries exists in 
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the upper, right, first molar, abscesses are present on the alveoli of 
the lower, right, second molar and the upper, right, first, second and 
third molars as well as the upper, left first and second molars; the two 
last mentioned teeth had become lost shortly before the death of the 
animal. Among the 104 senile gibbons examined only 49 show no indi- 
cation of disease processes in their dentitions and the remaining 55 
specimens have each at least one pathological condition, affecting one 
or more teeth or their sockets. That caries and alveolar abscesses in 
gibbons attack the different elements of the dentition with widely dif- 
fering frequencies, is demonstrated in figure 13. According to this 
diagram, the lower middle incisors become lost more often than any of 


TABLE 21 


Average numbers of vertebrae in the different spinal regions in several species of gibbons 
and, for comparison, in siamang, man, and orang-utan; with the exception of the data for 
man, all averages are based upon records by the author. 


THOR.- 


SPECIES SPECIMENS THOR. LUMB. LUMB. SACR. cocc. TOTAL 
Hylobates gabrielli 11 14.0 4.9 18.9 5.0 3.1 34.0 
H. lar (Chiengmai Series) 231 to 232 13.1 5.2 18.3 4.5 2.7 32.5 
Hylobates moloch 27 to 28 13.1 4.7 17.8 4.9 2.7 32.4 
Hylobates concolor 15 12.9 4.9 Te 4.3 i) 31.1 
Gibbon (General Series II) 308 to 314 13.1 5.1 18.2 4.6 2.7 32.5 
Siamang (Symphal. syndact.) 14 12.8 4.6 17.4 4.6 2.5 31.5 
Man (Schultz, 730) 745 to 3856 12.0 5.0 17.0 5.2 4.2 33.4 
Orang-utan (Schultz, ’4la) 103 to 107 HES 4.0 15.9 5.4 2.6 30.9 


the other teeth. Comparative data for other primates, bearing on this 
problem of the specific susceptibility of the various teeth to these patho- 
logical conditions, have been published elsewhere by the author (’35, 
"41 a). 

SKELETAL DEVELOPMENT AND VARIABILITY 


Spinal column and ribs 


The numbers of vertebrae in the different regions of the spinal column 
of gibbons can vary individually to a very considerable extent. The 
averages of these numbers are shown in table 21. The average number 
of cervical vertebrae has not been tabulated because it is uniformly 7.0, 
if calculated to one decimal. Some species of gibbons can differ signifi- 
cantly from one another in regard to the average number of vertebrae 
in, particularly, the thoracic, sacral and coccygeal regions. For in- 
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stance, all specimens of H. gabrielli possess 14 thoracic vertebrae, 
whereas among the specimens of H. concolor all but one have 13 thor- 
acic vertebrae, the exceptional case having only 12. Among lower 
catarrhines the average number of thoraco-lumbar vertebrae is com- 
monly 19, that of sacral vertebrae 3 and that of caudal vertebrae at 
least 7 and usually much higher. Among all higher primates the num- 
bers of thoraco-lumbar and caudal vertebrae have become reduced and 
the number of sacral vertebrae has become increased. It is seen from 
the data in table 21 that these phylogenetic trends are clearly recogniz- 
able in the gibbon, but the same trends have carried man and the great 
apes to higher extremes, except regarding the coccygeal region. The 
latter has become most reduced in H. concolor and least among higher 
primates in man. These conditions have already been discussed in an- 
other publication by the writer (730). 

The cervical region of the spine contains by far the most constant 
number of vertebrae in gibbons, as in all other primates. This number 
is 7 in 310 out of a total of 314 gibbons examined. In 3 specimens there 
are only 6 cervical vertebrae and in 1 specimen there are 8 (fig. 14, C, 
D, F). Two of the gibbons with only 6 cervical vertebrae possess 13 
thoracic vertebrae and the third case has 14 thoracic vertebrae. In the 
specimen with 8 cervical vertebrae this regional increase is combined 
with 13 thoracic segments. In 2 other gibbons there exist definite cervi- 
cal ribs unilaterally (fig. 14, A, B). The Chiengmai series of 232 H. lar 
furnished 2 cases with complete and 1 with incomplete ribs from the 
seventh vertebra. The other three extreme variations in the cervical 
region all belong to the small series of 14 H. moloch, collected in British 
North Borneo. It is specially mentioned also that of the latter cases 
two (adult female with ribs from seventh vertebra reaching manubrium 
and juvenile with cervical rib) occur in what undoubtedly represents a 
family group, namely a female, accompanied by a young gibbon and an 
adult male (with normal cervical region), all shot at one time and place. 
That the trend for such vertebral variations is a hereditary character, 
has been demonstrated by a number of investigators, notably Kithne 
(31, ’36) and Frede (’34). 

The complete suppression of ribs from the eighth vertebra, or 8 
cervical vertebrae, was found in only one case, but there are several 
instances which represent in a sense transitional stages between the 
usual condition and the just named, extreme variation. Thus, in one H. 
lar, one H. moloch (fig. 14, H, G) and one H. gabrielli the first right 
ribs are incompletely formed. It is evident that the border between the 
cervical and thoracic regions is not entirely stable in the gibbon and 
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Fig. 14 Developmental variations and abnormalities of the ribs in gibbons. A and B= 
unilateral cervical rib on seventh vertebra; C and D =complete ribs belonging to seventh 
vertebra; EH and G = incompletely formed first right ribs; F = congenital lack of ribs from 
eighth vertebra; H — abnormally formed, left, second rib; I = incomplete development of 
third thoracic vertebra and abnormally short neck of third, right rib; K = abnormally devel- 
oped left seventh and eighth ribs. B, F and G are H, moloch, all others H. lar of the Chiengmai 
series. 
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that the seventh and eighth segments vary in this primate more fre- 
quently than they do in most other primates. Actual numerical varia- 
tions in cervical vertebrae (= first ribs reaching sternum from seventh 
or ninth vertebra) exists in 1.3% of the 314 gibbons examined. In 
orang-utan such variations had been found in 3 out of 107 specimens, 
or in 2.8% (Schultz, 41a). Among 170 skeletons of macaques the 
writer encountered 2 cases (1.2%) of numerical variations in cer- 
vical vertebrae.'® In other simian primates such variations must be 
exceedingly rare since only 3 additional cases have been recorded, 
namely that of a siamang with 8 cervical vertebrae (Kohlbriigge, 1891), 
that of a gorilla, also with 8 cervical vertebrae (Struthers, 1893), and 
that of another gorilla with 6$ cervical vertebrae (Schultz, ’34). In- 
complete ribs belonging to the seventh vertebra, such as are recorded 
here for gibbons (fig. 14, A, B), have been found in many human beings. 
These so-called cervical ribs have also been encountered in a chimpanzee 
(Tredgold, 1897) and in two woolly monkeys (Straus, ’37) among 
simian primates. 

The seventh cervical vertebra lacks transverse foramina on both 
sides in 64% of all gibbons examined for this condition (= 264 speci- 
mens). In 23% of the cases these foramina are present on the right 
and left side, in 8% on the right only, and in 5% on the left only. All 
the other cervical vertebrae possess transverse foramina, except in 
one H. moloch which lacks these foramina on the seventh and sixth 
vertebrae and in the above mentioned three gibbons with only 6 cervical 
vertebrae in which the transverse foramina are lacking on the sixth 
vertebra bilaterally twice and unilaterally once. In man these foramina 
are lacking only in very rare instances, but in all other primates, ex- 
amined so far, the foramina are missing on the seventh vertebrae in 
anywhere from 20 to 100% of the cases and in orang-utan they are ab- 
sent even on the sixth and fifth vertebrae with considerable frequency 
(Schultz, ’41 a, table 19). 

The numerical variations in the postcervical vertebrae are listed in 
table 22. According to the author’s records the number of thoracic 

% This material is composed of the 24 macaques, examined and listed by the author (730) 
for a previous publication, of 31 other macaques used for a later study (Schultz, ?38b), and 
of 115 new specimens in the collections of the writer’s laboratory. In one of these macaques the 
seventh vertebra bears a pair of ribs reaching the manubrium and in another specimen the 
seventh vertebra has a well-formed rib on one side only. 

In man there also occur numerical variations in cervical vertebrae, but the writer has been 
unable to find in the literature any accurate data regarding the percentage frequency of such 
cases. LeDouble (’12) reports that complete and incomplete cervical ribs from the seventh 


vertebra exist in 20 out of 902 human bodies (= 2.2%), but merely a few of these cases can 
be regarded as having only 6 cervical vertebrae. 
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vertebrae of gibbons varies between 12 and 14. Fick (’36) has pub- 
lished the case of a gibbon (unknown species) with only 11 thoracic | 
(and 5 lumbar) vertebrae which is unique in the literature, even if the | 
closely related siamangs are considered, too. The modal number is 13, 
and increases in this number of thoracic vertebrae are several times | 


more frequent than are decreases. In H. lar of the Chiengmai series | 


the last ribs are long in the 3 cases with only 12 pair of ribs and they | 
are short, or even vestigial, in all instances with 14 pair of ribs. 


TABLE 22 


Numerical variations of vertebrae in the different regions of the spine for the Chiengmai } 


series and the General Series II of gibbons. Absolute and percentage distribution of these 
variations. 


Thoracice vertebrae 12 124 18 134 14 
Chiengmai series cases 3 2 203 4 20 
232 specimens % 1 1 87 2 9 
General series II cases 10 2 261 4 37 
314 specimens Jo 3 1 83 1 12 

Lumbar vertebrae 4 43 3 bs 6 
Chiengmai series cases 4 oe 175 10 43 
232 specimens % 2 oe 75 4 19 
General series II eases 15 2 240 ial 46 
314 specimens % 5 1 76 3 15 

Thor.-lumb. vertebrae TH 173 18 184 19 
Chiengmai series eases 1 ik 164 5 61 
232 specimens % 0.5 0.5 71 2 26 
General series II eases 12 2 220 if 73 
314 specimens % 4 il 70 2 23 

Sacral vertebrae 3 34 4 44 5 54 6 
Chiengmai series eases 6 i 100 5 110 ae 10 
232 specimens % 3 0.5 43 2 47 Bs 4 
General seriesII cases 6 i 126 6 159 2 14 
314 specimens % 2 0.5 40 2 51 al 4 

Coceygeal vertebrae O 1 2 3 4 5 
Chiengmai series cases 1 10 88 99 27 5 1 
231 specimens % 0.5 4 38 43 ale 2 0.5 
General series II cases 1 17 116 119 43 11 1 
308 specimens % 0.5 5 38 39 14 3 0.5 

Total number of vert. 30 31 32 383 34 35 36 
Chiengmai series cases .. 19 105 83 21 3 
231 specimens ae Ae 8 46 36 9 1 ss 
General seriesII cases 4 37 122 97 38 9 1 
308 specimens Y il 12 40 31 12 3 0.5 
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The number of lumbar vertebrae varies in gibbons between 4 and 6, 
5 being the modal number (table 22). An increase in the number of lum- 
bar vertebrae occurs several times more frequently than a decrease, 
particularly in the Chiengmai series. Unilateral variations exist at the 
cranial and the caudal ends of the lumbar portion of the spine. In the 
General series II transitional, thoraco-lumbar vertebrae with a rib on 
one side and a transverse lumbar process on the opposite side are 
present in 6 skeletons and lumbo-sacral vertebrae with a transverse 
lumbar process on one side and a sacral foramen below a pars lateralis 
on the opposite side are present in 9 skeletons. In one of these cases 
unilateral variations exist at both ends of the lumbar series. The many 
different combinations in the numerical variations of lumbar and of 
thoracic vertebrae are shown in table 23. It is seen that a decrease in 


TABLE 23 


Absolute and percentage distribution of the combinations of variations in the numbers of 
thoracic and lumbar vertebrae of gibbons. 123 and 133 thoracic vertebrae are here counted 
as 18 and 14 thoracic vertebrae respectively and 43 and 53 lumbar vertebrae are counted as 
4 antl § lumbar vertebrae respectively. 


THORACIO + 


LUMBAR VERTEBRAE: 12+ 5 12+6 1344 13+ 5 1346 44+4 1445 
Chiengmai series cases 1 2 164 41 4 20 
232 specimens % 0.5 1 70.5 18 2 8 
General series II cases 6 4 7 214 42 10 31 
314 specimens % 2 i 3 68 13 3 10 


the modal number of thoraco-lumbar vertebrae occurs in only 5% of 
the cases, whereas an increase in this number in 23%. It can further- 
more be stated that the thoracic region has gained a segment at the 
expense of the lumbar region (combination 14 + 4 in table 23) in 10 
cases, but the lumbar region has become increased through the trans- 
formation of a thoracic vertebra (combination 12 + 6) in only 4 cases. 

The thoraco-lumbar portion of the spine of the gibbon contains any- 
where from 17 to 19 vertebrae according to the writer’s data (table 22). 
Sixteen thoraco-lumbar vertebrae exist in one of 14 siamangs examined 
by the author. Kohlbriigge (1891) lists a siamang with 163 thoraco- 
lumbar vertebrae and Fick (’36) a gibbon with only 16 of these verte- 
brae. These cases represent evidently a rare condition among the 
Hylobatidae. Seventeen thoraco-lumbar vertebrae are present in only 
1 specimen of the Chiengmai series, but occur 11 times among other 
gibbon species and are quite common in siamangs. The primitive con- 
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dition of 19 thoraco-lumbar vertebrae still persists in about one fourth ff 
of gibbons, but has disappeared among siamangs. | 

The number of sacral vertebrae varies between 3 and 6, 5 being the | 
mode (table 22 and fig. 15). This is a remarkably wide range, if it is | 
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Fig. 15 Variations in the formation and position of the sacrum in gibbons. A= 3 sacra, 
and 2 coceygeal vertebrae; B = 3} sacral and 2 coceygeal veertebrae (note arthritic exostose}! i 
on last lumbar and lumbosacral vertebra) ; C = 44 sacral and 2 coccygeal vertebrae; D =4 i 
sacral and 2 coccygeal vertebrae; E—4 sacral and 2 sacral-like coceygeal vertebrae; F = hj 
only first two sacral vertebrae meet ilia; G = first three sacral vertebrae meet ilia; H —al i 
four sacral vertebrae meet ilia; I = sacrum very high between ilia; K = sacrum very lov i 
between ilia. All specimens are H. lar, except D which is H. moloch. 
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considered that a sacrum composed of only 3 vertebrae is characteristic 
of the lower catarrhines, whereas 6 sacral vertebrae represent a high 
specialization found in only a minority of human beings. All 6 cases 
with only 3 sacral vertebrae have 19 thoraco-lumbar vertebrae, where- 
as 13 of the 14 cases with 6 sacral vertebrae have only 18 thoraco-lumbar 
vertebrae, the remaining case possessing 19. The average number of 
thoraco-lumbar vertebrae equals 18.3 in all the gibbons (General series 
IT) with 3 to 4 sacral vertebrae, and only 18.1 in all those gibbons with 
more than 4 sacral vertebrae. There does exist, therefore, a slight ten- 
dency to increase the number of vertebrae forming the sacrum at the 
expense of the presacral vertebral series. 


TABLE 24 


Averages (above) and ranges of variations (below) of the projective distance between 
promontory and highest point on iliac crest in percentage of ilium length in adult gibbons of 
the Chiengmai series. Cases with unilateral variations on lumbo-sacral border are not included. 


THORACO-LUMBAR eB iNS) FEMALES 
VASBIERE LN Specimens Index Specimens Index 
17 0 ay 1 By IS) 
18 69 30.0 58 28.1 
20.0-39.3 18.9-34.9 
19 25 36.2 24 34.3 
28.9-43.6 24,.1-42.3 


As a general rule, the first three sacral vertebrae of gibbons are in 
close contact with the iliac bones, but not infrequently there are 2 or 4 
vertebrae reaching the ilia (fig. 15, F, G, H). The articular surface of 
the sacrum actually extends, on an average, from the first to only the 
cranial portion of the third vertebra. The sacro-iliac ligaments are 
very strongly developed in the gibbon and generally reach to the fourth 
sacral vertebra, as has been reported also by Hakim (’37). 

The position of the sacrum in relation to the hip bones varies to a 
_ remarkable degree (fig. 15, L, K). This relative position is accurately 
expressed by the following index: projective distance from promontory 
(midsagittal point on cranial, ventral border of sacrum) to level of most 
cranial point on iliac crest in percentage of ilium length (as defined by 
# Schultz, ’30). As shown by table 24, this proportion varies among 
_ adults of H. lar between 18.9 and 43.6 and in males the promontory is, 
on an average, more caudally situated in relation to the ilia than in 
females. It is also evident from the table that the sacrum is wedged 
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more deeply in the pelvic ring in specimens with 19 thoraco- -lumbarf 
vertebrae than in those with only 18. Closely corresponding results] 
have been obtained in orang-utans (Schultz, 41a). It appears, there, 
fore, that a reduction in presacral segments is generally associated] 
with a tendency to shift the position of the sacrum within the pelvic 
ring in a cranial direction. if 

The number of coccygeal vertebrae varies individually among eibd 
bons from 0 to 6 (table 22). Since nearly all this material had beer 
carefully prepared by the author himself, he is justified in stating that] 
these records are complete and do include the frequently vestigial, last 
coccygeal elements. The various gibbon species can differ significantly 
regarding the degree to which the caudal portion of the spine has be; 
come reduced. Thus, in H. klossi only 4 or 5 coceygeal vertebrae have! 
been observed and the average number equals 4.6. On the other handif, 
in H. concolor 1, 2 and 3 coceygeal vertebrae are the only variations} 
encountered and the average number of these vertebrae amounts to only) 
1.9. Among all the gibbons examined the number of coccygeal vertebrag#! 
averages 2.9 in the cases with 3 to 4 sacral vertebrae and 2.6 in thefi 
cases with more than 4 sacral vertebrae. Fifty-three per cent of theff 
latter cases possess 2 or fewer coccygeal vertebrae; the corresponding§} 
percentage for the former cases is only 31. It appears, therefore, tha] 
the number of coccygeal vertebrae tends to decrease with an increas : 
in sacral vertebrae and vice versa, but this inverse relation is far froni 
complete and other factors are at work in the determination of the} 
many and wide-spread variations in the number of coccygeal vertebraei] 
The sum of sacral and coccygeal vertebrae averages in the Genera 


10 in 2% of the cases. This represents a remarkable variability whi il | 
is very much greater than in man. 

The total number of vertebrae in gibbons varies between 30 and 36]! 
32 being the modal number (table 22). Increases in the latter numbejf} 
are more frequent than are decreases. Some gibbon species differ sigW# 
nificantly regarding this total number of vertebrae. For instance, inf 
H. klossi this number equals 34 or 35 and averages 34.6, whereas in Hi} 
concolor it varies between 30 and 33 and averages only 31.1. The typii} 
cal and statistically most frequent composition of the spinal columt} 
in gibbons is 7 cervical, 13 thoracic, 5 lumbar, 5 sacral, and 3 coccygeal | 
vertebrae. This formula, however, occurs in only 15% of the specimeni ff} 
from Chiengmai and in even only 13% of the gibbons in the Generali! 
series. Hach of all other combinations of numerical variations inf} 
vertebrae is limited to still smaller percentages of cases. If only thd) 
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thoracic, lumbar and sacral vertebrae are considered, instead of those 
of all five spinal regions, the statistical norm is, naturally, found in a 
higher percentage of cases. According to table 25, this percentage 
amounts to 37 in the gibbon and to between 27 and 42 in the great apes. 
The corresponding figure for man is 71, that for the macaque 73 and 
that for the proboscis monkey 85. It is evident from these values that 
the combination of variations in the numbers of vertebrae is far more 
constant in man and lower catarrhines than in the man-like apes. 


TABLE 25 


Percentage frequency of occurrence of statistical norm for the numbers of thoracic, lumbar 
| and sacral vertebrae in some series of primates. The marmosets are all Oedipomidas geoffroyi 
| from the Panama Canal Zone, the 56 skeletons being in the author’s collection. The macaques 
are mostly Macaca mulatta, 81 records are from former reports (Schultz, ’30, ’38 b) and the 
| remaining 115 records are from new specimens in the collections of the author’s laboratory. 
The proboscis monkeys are those described elsewhere (Schultz, ’42 a). The gibbons are from 
| the General Series II. The orang-utans consist of the series published in another paper 
» (Schultz, ’41 a) to which have been added 2 recently obtained specimens. The data for 77 of 
| the chimpanzees have been recorded elsewhere (Schultz, ’40 b) and 9 new specimens of the 
| writer’s collection have been included here. The vertebral formulae for altogether 77 gorillas 
| have been published in former papers by the author (’30, ’34, ’42 b) and data on 5 additional 
} gorillas, examined by the author, have also been used here. The data for man are those col- 
! lected chiefly from the literature and published in a former paper by the author (’30). 


| SPECL STATISTICAL NORM OF PRESENT IN 

i GENUS awe THOR. LUMB. SACR. PER OENT 

f VERTEBRAE OF CASES 

| Marmoset 56 12 7 3 60.7 
Macaque 196 12 7 3 73.0 

) Proboscis monkey 46 12 7 3 84.8 

_ Gibbon 314 13 5 5 36.6 
Orang-utan 107 12 4 5 42.1 
Chimpanzee 86 13 4 6 31.4 
Gorilla 82 13 4 5 26.8 

} Man 493 12 5 5 71.2 


iC 


' The proportionate lengths of the various spinal regions (measured 
‘on fresh spines and including intervertebral discs) undergo changes 
with age, as shown by the data in table 26. The relative lengths of the 
icervical, thoracic and coccygeal regions decrease markedly during 
‘growth and the lumbar region increases slightly. In their direction 
these age changes in gibbons agree with those found in other primates 
(Schultz, ’38b, ’40b, ’41a, ’42a). The sex differences in these pro- 
portions, existing in adult gibbons, correspond also to those existing in 
‘other primates, though they are less marked in the gibbon than in some 


‘other forms. 
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The development of the vertebrae and ribs of gibbons is outlined , 
far as possible by the following observations. In all gibbon fetuse| 
examined by means of x-ray photographs, there have already appear) 
the primary ossification centers of the vertebrae, namely one for ead! 
vertebral body and one in each hemiarch of the precaudal vertebraf) 
The two halves of the bony dorsal arches become fused in the midlii 
shortly after birth as far down as the second sacral vertebra, but t. | 
spinal processes remain cartilaginous until a later age. The dors§ 
arches become united with the corr esponding vertebral bodies durit 
the infantile period; this process begins in the lumbar region befo 


TABLE 26 


Averages of the lengths of the various spinal regions (measured with tape on ventral surfa\@ 
in percentage of trunk height in Hylobates lar of different ages. From a former paper by 
author (’38 b) and new data for a fetus, 2 newborns, an infant, and a juvenile. All a 


parts of Siam. 


chinere RPLATIVE LENGTH OF SPINAL REGION 
AGE 

ENS Cerv. Thor. Lumb. Thor.-Lumb. Sacr. 
Fetal 1 30.0 60.0 31.1 91.1 20.0 
Newborn 2 26.1 52.8 30.5 83.3 20.9 
Infantile if 25.5 52.0 32.5 84.5 18.9 
Juvenile 19 23.4 50.5 32.6 83.1 19.2 
Adult 9 SY 22.2 50.4 Boee 83.6 19.1 
Adult ¢ 43 22.4 51.1 32.2 83.3 19.3 


the deciduous dentition is complete and ends in the thoracic region 
fore any permanent teeth have appeared above their alveoli. This 


of the infantile period in proboscis monkeys, late in the infantile perii 

in chimpanzees, and not only early in the juvenile I period in orar 
utans (Schultz, ’40b, ’41 a, ’42a). In man this ossification takes pla | 
between the ages of about 4 and 7 years, according to most of the teil 
books of human anatomy, i. e., chiefly during the last part of the infall 
tile period. The next happening in vertebral development is the ff 
sion between the odontoid process and the body of the second vertebif 
In the gibbon this fusion is practically complete early in the juvenile | 
period, though traces of the previous separation can persist longll 


lars had become fully erupted. This particular fusion occurs also ea | 
in the juvenile II period in orang-utan, but in chimpanzee and pil 
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boscis monkey the fusion usually takes place early in the juvenile I 
period and in man, on an average, during the fifth year or toward the 
end of the infantile period. The costal portions of the first and second 
(rarely third) sacral vertebrae, which develop from separate ossifica- 
tion centers, fuse with the bodies and transverse processes of the same 
vertebrae fete in the juvenile I period in gibbons, early in the same 
period in orang-utans and at the end of the infantile period in chim- 
panzees. In man the corresponding age lies early in the juvenile IL 
period (average age about 8 years, according to available information). 

‘The bony ventral arch of the Atlas fuses with the ossified lateral parts 
of this vertebra early in the juvenile IT period in gibbons and in orang- 
utans, whereas late in the juvenile I period in proboscis monkeys, chim- 
spanzees and man. The average age of this fusion in man is approxi- 
mately 7 years. A permanent lack of this particular fusion has been 
encountered in a number of gibbons, as will be described in the chapter 
dealing with developmental defects. 

The epiphyseal plates for the bodies of the vertebrae of gibbons ap- 
pear in form of more or less complete and very thin, bony rings in the 
‘juvenile II period. These epiphyses do not become fused with the ver- 
tebral bodies until after adulthood has been attained and often even 
‘not until attrition of the teeth has become quite noticeable. This holds 
‘true for gibbons as well as proboscis monkeys, orang-utans and chim- 
ypanzees. The last epiphyseal plates of the presacral vertebrae to be- 
come fused are usually those of the lower thoracic and first 1 or 2 lum- 
‘bar vertebrae. In man these epiphyses begin to become ossified at the 
age of about 16 years and are united with the vertebral bodies at ages 
variously given as anywhere between 20 and 26 years, i.e., early in the 
adult period. Fusion between the sacral vertebrae is encountered in 
the gibbon, on an average, not until the specimen is adult and shows 
beginning wear of the dentition. This coalescence of sacral vertebrae 
takes place late in juvenile life in proboscis monkeys, early in adult- 
‘hood in chimpanzees, later in adulthood in orang-utans (with marked 
‘wear of teeth), and very early in adulthood in man (average age for 
man, according to different authors, = 20 to 25 years). The age and 
sequence of fusion of the sacral vertebrae varies individually a great 
‘deal in all these primates and traces of the lines of separation between 
‘the bodies of some sacral vertebrae (chiefly first and second) can per- 
‘sist long after fusion is otherwise completed (fig. 15). 

| Jn regard to the ossification of the ribs, it is mentioned here that the 
epiphyses of the costal tubercles become fused with the bodies of the 
‘ribs during the juvenile IIT period in gibbons as well as the other pri- 


\ 
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mates studied by the writer. A separate epiphysis for the head of : 

rib disappears early in adult life in all the primates examined so fang 
In senile gibbons the cartilaginous portions of the ribs can becomiff 
more or less extensively calcified and this most commonly in the casi | 
of the first few sternal ribs. 


Sternum 


The length of the sternum equals roughly one-fifth the length of thi 
trunk in gibbons, a proportion which does not change significantly wit] 
age, as shown by the data in table 27. In comparison with the othe 
higher primates the gibbon is characterized by a relatively short ster] 
num (table 28). It is interesting to find that in the gibbon, as in man] 
the sternum is shorter, relative to trunk height, in females than iif 


TABLE 27 


Averages of two sternal indices in Hylobates lar (Chiengmai series). The first index exrpressa E 
the sternum length (without xiphoid process) in per cent of the trunk height and the seco | 
index the manubriwm length in percent of the corpus sterni length. 


STERNUM LENGTH MANUBRIUM LENGTS 
AGE SPECIMENS 

TRUNK HEIGHT CORPUS LENGTH i 
Infantile 7 20.9 48.6 
Juvenile I 4 19.4 49.9 
Juvenile II 15) 19.4 47.8 
Adult 9? Sy 20.6 
Adult ¢ 43 22.0 ieee 
Adult ? 87 ae 42.1 
Adult ¢ 97 ee 39.9 


TABLE 28 


Averages of the relative sternum length (sternum length in per cent of trunk height) @ | 
adults of great apes and man. i | 
= | 


PRIMATE: SPECIMENS AUTHOR REL. LENGTH 
OF STERNUM 


Orang utan 6 Schultz, ’41 a, and 1 new record 24.0 
Chimpanzee 14 Schultz, ’40 b, and 2 new records 26.3 
Gorilla 4 Schultz, ’30, and 1 new record 35.2 
Negro 9 5 New records 26.4 
Negro ¢ 10 New records 30.1 
White ¢ 5 New records 31.8 
White 9? 25 Frey, 718 30 


Wire of 35 Frey, 718 35 
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males.1* The proportion in length between manubrium and corpus 
sterni*’ changes with age in the gibbon since the manubrium grows 
less intensively than the corpus (table 27). This proportion also shows 
a secondary sex difference in the gibbon, as it does in the orang-utan 
(Schultz, ’41 a) and in man (Martin, ’28). 

In gibbons anywhere from 6 to 8 pairs of ribs reach the sternum 
directly. As shown by the data in table 29, the number of sternal ribs 
is influenced by the total number of ribs. In the gibbons of the Chieng- 
mai series the average number of pairs of sternal ribs is 7.1, but in 
the series of H. gabrielli it is 7.7, all of the latter specimens having 7 
or 8 pairs of sternal ribs and 14 pairs of all ribs. The corresponding 
average for H. moloch is only 7.0. The average number of pairs of 
sternal ribs amounts to 6.7 in orang-utans (Schultz, ’41a), to 7.0 in 
chimpanzees (Schultz, "40 b) and to 7.1 in man (378 whites, according 
to combined data of Tredgold, 1897, Adolphi, ’05, and Frey, 718). Only 


TABLE 29 


Correlation between numbers of sternal ribs and numbers of all ribs in 233 gibbons of the 
Chiengmai series. 


PAIR OF ALL RIB3 


PAIR OF SPECI- 
SERRE OAS aE 12 and 123 13 133 and 14 AVERAGE 
6 and 64 20 8% 92% seats 12.9 
7 168 2% 91% 7% 13.0 
74 and 8 40 : T0% 30% 13.3 


6 sternal ribs, bilaterally or unilaterally, occur in 42% of orang-utans, 
in 13% of chimpanzees, in 11% of gibbons (H. lar), but in only 0.5% 
of human beings, according to the writer’s data and (for man) those 
of the other authors quoted above. The extreme phylogenetic reduction 
of the thorax on its ventral side, as manifested by only 6 pairs of sternal 
ribs, occurs much more frequently in anthropoid apes than in man. 
Finally, it is also recorded here that among the adult gibbons from 
Chiengmai the sternum length averages 55.7 mm. in the specimens with 
only 6 or 64 pairs of sternal ribs, whereas 62.3 mm. in the specimens 
with 74 or 8 pairs of sternal ribs. 

1% An identical sex difference exists also in the proboscis monkey with an average relative 
sternum length of 17.6 in adult females and one of 22.2 in adult males (Schultz, ’42a). Fur- 
thermore, the sternum (in relation to the length of the thoracic region) is shorter in females 
than in males in langurs and in macaques (Washburn, 742). 

7 Manubriym length and corpus length have to be measured in gibbons from the middle of 


a line connecting the costo-sternal articulations of the second pair of ribs. Most gibbons lack 
a sternal synchondrosis at this place and the customary osteometrie landmark has to be drawn 


with pencil on the bone. 
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The ossification of the sternum of gibbons is an exceedingly variable J 
process and, most likely on this account, the conformation and shape f 
of the adult sternum are hardly ever alike in any two gibbons. This is | 
clearly shown by the examples in the figures 16 and 17. The sternum f 


of gibbons is characterized chiefly by the fact that in nearly all cases | 


COE 
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Fig. 16 Age changes and variations in the sternum of young gibbons. A to G = infants; 
H to M = juveniles I (the conditions of M are very exceptional) ; N to S = juveniles II. All 
specimens are H. lar, except B which is H. pileatus. Dotted areas represent cartilage. 


the part corresponding to the two most cephalic intercostal segments is ff 
represented by one single bone which is the equivalent of the manu- | 
brium and the uppermost part of the corpus sterni of man and of most | 
other primates. Such a condition has been observed in very rare in- ff 
stances in man (e. g., Dwight 1890). Keith (1896) estimates its fre- 
quency in man as ‘‘probably about 1 per 1000’’. In all 3 great apes the 
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manubrium can be fused with the uppermost segment of the corpus, but 
this only in a minority of the cases (Schultz, ’30, ’40b, ’41a). The 
cephalic end of the sternum, as far as the third pair of ribs, becomes 
ossified from a single center in the majority of gibbons (fig. 16, A, B, D, 
HK, G). More rarely one finds two or more ossification centers in this 


“AS41560 ALPE. 
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Fig. 17 Variations of the sternum.of adult gibbons. All specimens are H. lar, except O 
which is H. moloch, showing suprasternal ossicles. P shows pathological condition on left 


| sterno-clavicular joint. 
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part of the sternum, so ee there exists, temporarily at least, a sepa- | 
rate manubrium (fig. 16, C, F, K, 8, fig. 17, A, C). Keith (1896) has | 
illustrated the sternum _ a new bor n gibbou with a single ossification J 
center for the manubrium and three other centers for the corpus sterni. | 
The latter sternal part develops from as few as three and as many as 
cight ossification centers. Very frequently two such centers lie side by 
side in a sternal segment and in that case can fail to fuse in the mid- J 
line even during adult life. Indeed, in 15 specimens of the Chiengmai J 
series a considerable area in the middle of the corpus sterni has re- | 
mained open to late juvenile or adult life (fig. 17, L, M, N). Such per-— 
forations in the corpus sterni occur also in man with considerable fre- J 
quency.’® In old gibbons with very marked to extreme attrition of the — 
teeth the sternum tends to become solidified through fusion of its bony } 
elements. This, however, is not invariably the case, as several speci- 
mens, quite evidently senile, still have their corpus sterni composed of 
3 and even 4 separate bones. The xyphoid process of the gibbon de- 
velops from a separate ossification center which appears early in in- 
fantile life, if not sooner. In the large General series II there are only 
2 eases in which the xyphoid process contains no bone, being entirely 
cartilaginous as it is in many orang-utans and chimpanzees (Schultz, 
‘40 b, ’41a). The xyphoid process of the gibbon is very frequently 
forked in its bony or its cartilaginous portion. This condition is most 
likely connected with the bilateral ontogenetic origin of the sternum; 
it is also quite commonly seen in man, but it is absent in the great apes 
according to the writer’s observations. 

Separate suprasternal ossicles occur in 2 of the gibbons examined 
(= 0.7%). One of these cases is shown in figure 17 (O). These ossicles 
are quite common in man. According to the careful report by Cobb 
(737) they exist in 6.8% of Whites and in 2.2% of Negroes. Never be- 
fore have they been observed in primates other than man. Cobb did 
not find a single case among 107 great apes and the writer has not seen! 
this primitive condition among many hundreds of monkey and ape 
skeletons examined, except in the 2 gibbons mentioned above. 


ITip bones 


The proportions of the gibbon pelvis, in comparison with the pelvic 
indices in other primates, have already been discussed in several former. 


* Martin (’28) quotes Ten Kate as having found this condition in 13% of South American. 
Indians and Matiegka as having encountered it in 7% of Europeans. In the writer’s collection 
of 30 sterna of adult Negroes there are 4 with foramina in the lower part of the corpus sterni. 
These openings vary in greatest diameter between 8 and 32 mm, 
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publications by the author (’30, ’33 a, ’36). The present, new material 
of gibbons, in which the sex is known with certainty in every instance, 
lends itself particularly well for an analysis of possible sex differences 
in the pelvis. As has been shown in an earlier chapter, the relative hip 
breadth of gibbons does not differ in the two sexes (table 2). The maxi- 
mum breadth of the pelvic inlet, however, differs in adult male and fe- 
male gibbons not only as an absolute dimension, but also in relation to 


TABLE 30 


The ranges of variations, averages, standard deviations, variation coefficients, and their 
probable errors of the absolute and relative pelvic inlet breadth and of the relative pelvic inlet 
height in 87 female and 96 male adult gibbons of the Chiengmai series. 


CHARACTER SEX RANGE A+ E(A) o¢+ (oc) o+ B(C) 


Pelvic Inlet Breadth g® 47-64 55.9+0.26 3.79+0.19 6.78+0.34 

(mm.) é 43-62 51.40.26 3.69+0.18 7.18+0.36 

Pelvie Inlet Breadth fe) 52.1-68.7 57.50.22 3.210.16 5.5840.28 

Maximum Pelvic Breadth gd 45.6-63.1 54.0+0.24 3.4640.17 6.59+0.33 

Promontor.-Symphysion © 51.2—72.8 62.25=0.26 3.71+0.19 5.96+0.30 

~ ‘Tlium + Ischium J. & 50.7-67.1 59.90.24 3.390.17 5.6640.28 
TABLE 31 


The pelvic inlet breadth in percentage of the trunk height in Hylobates lar (Angka series) 
at different ages. 


AGE SPECIMENS RANGE AVERAGE og + K(a) c + E(C) 
Infantile 7 11.5-15.4 13.2 
Juvenile I 4 14.3-16.6 15.6 
Juvenile IT 15 15.4-18.6 16.8 
Adult 9? 37 18.1-24.0 20.60.15 1.35+0.11 6.5540.52 
Adult ¢ 42 16.7-21.4 18.9+0.11 1.110.08 5.87+0.41 


the greatest pelvic width. This is demonstrated by the data in table 
30 which also show that the sagittal diameter of the pelvic inlet is pro- 
portionately greater in adult female than in adult male gibbons. In 
those gibbons, in which the outer body could be measured first and the 
skeleton afterwards, it is found that the pelvic inlet breadth increases 
with age in relation to the size of the animal, as represented by the 
trunk height, and is greater in adult females than in adult males (table 
31). Closely corresponding sex differences in these indices have been 
obtained for adult proboscis monkeys, orang-utans and chimpanzees 
(Schultz, ’40b, 41a, ’42a). That the pelvic inlet is proportionately 
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larger in females than in males of langurs and macaques has been 
shown by Washburn (’42). It appears, therefore, that sex differences 
in the formation of the pelvis are not limited to man, as has often been 
assumed, but exist also in many other primates in which, as in man, 
they make their appearance after puberty. It is particularly signifi- 
cant that these pelvic characters show the sexual dimorphism in the 
gibbon, in which secondary sex differences are generally much less 
marked than in the majority of primates. 

In all gibbon fetuses and early infants, examined by the writer, the 
innominate bone contains ossified zones only in its three primary ele- 
ments, the ilium, ischium and pubis, which are still separate bony por- 
tions. The osseous rami of ischium and pubis are usually united at 
the time the deciduous dentition has become completed, but they are 
still separate in all gibbon infants which lack at least some of their 
milk teeth. The closure of these rami occurs during the latter part of 
the period of eruption of the deciduous dentition in orang-utan and 
chimpanzee (Schultz, 40 b, ’41 a), but considerably later in man. 

The ilium and ischium of gibbons begin their bony fusion in the re- 
gion of the acetabulum toward the end of the juvenile II period. As 
soon as the permanent dentition is complete the ilium becomes united 
also with the pubis. The latter process is followed immediately by the 
fusion of the ischium and pubis. The last mentioned fusion is still in- 
complete in 8 out of 39 adult gibbons without wear of the teeth, in which 
ilium and ischium, as well as ilium and pubis, show finished bony union. 
This coalescence of the three main portions of the hip bone generally 
takes place during the last stage of dental eruption in the proboscis 
monkey, orang-utan and chimpanzee, 1. e., very little earlier than in the 
gibbon. In man the lines of separation in the acetabular region dis- 
appear at a comparatively earlier stage of development than in the 
other primates, investigated so far, namely between the ages of 124 
and 15 years according to Todd (’33). A separate os acetabuli, or 
cotyloid bone, develops between the ilium and pubis with considerable 
frequency in man and in chimpanzee, but rarely in orang-utan. In gib- 
bons such acetabular bones exist in 20 out of 44 specimens from the 
juvenile II period and never in younger or older specimens. Two of 
these gibbons with acetabular bones possess merely their first per- 
manent molars and all permanent incisors, in all the other 18 speci- 
mens the second permanent molars have also erupted. In 5 of the 
latter cases the os acetabuli had become partly fused with the ilium. It 
evidently fuses last with the pubis. 
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The first bony deposits appear in the cartilaginous borders of the 
ischial tuberosities and the iliac crests of gibbons during the later 
stages of the juvenile II period. The bony rims of the tuberosities fuse 
with the ischial rami in the gibbon not until adulthood has been at- 
tained. These epiphyses are still entirely separate in all juvenile gib- 
bons, they are at least partly separate in 24 out of 39 adult gibbons, 
showing no noteworthy attrition of the teeth, and they are completely 
fused in 92 out of 93 gibbons with a moderate degree of dental attrition. 
The bony epiphyses at the iliac crests unite with the iliac blades at an 
even later stage. In only 2 of 39 adult gibbons with unworn dentition 
has this fusion started (at the dorsal end) and in only 40 of 93 adult 
gibbons with moderate wear of the teeth is the fusion complete. This 
agrees perfectly with the corresponding findings for proboscis mon- 
keys, orang-utans and chimpanzees (Schultz, ’40b, ’41a, ’42a), as 
well as those for langurs and macaques (Washburn, ’43). In man these 
epiphyses close apparently at a somewhat earlier stage of development 
and in more rapid succession than in the other primates studied. Flecker 
(732), e. g., gives the average age of union of these epiphyses in man as 
20 to 21 years. 

Bony union at the pubic symphysis has been found among adult 
catarrhine primates in a surprisingly high number of cases. Washburn 
(’42) records this condition in 1 out of 15 adult male Macaca irus, in 1 
out of 12 adult male Trachypithecus pyrrhus, and in 16 out of 19 adult 
male and 6 out of 17 adult female Presbytis rubicunda. The writer has 
observed a closed pubic symphysis in an old male Nasalis larvatus, an 
old male orang-utan and 1 male and 2 female chimpanzees of advanced 
age. Table 32 shows the occurrence of symphyseal synostosis in gib- 
bons in relation to the age and sex of the specimens. It is evident that 
this fusion becomes much more frequent and extensive with advance in 
age (= increase of attrition of the teeth), but at all ages is more com- 
mon in males than in females. This closure of the pubic symphysis, very 
rare in man, appears to be a normal condition of old age at least in male 
gibbons and some species of langurs. It is noteworthy that this closure 
invariably starts at the cephalic end of the symphysis. 

Senility in the gibbon is sometimes also accompanied by resorption 
of bony tissue in the iliac blades, producing extremely thin and light 
ilia and, eventually, one or more irregular perforations in the center 
of the iliac fossa. Such a case is shown in figure 18 (KE). Similar symp- 
toms of senile bony atrophy have been encountered in other skeletal 
parts, as will be discussed later. 


TABLE 32 
The degree and percentage frequency of closure of the pubic symphysis 
gibbons (General Series I) with differing degrees of attrition of the teeth. 


among adult | 


PUBIC SYMPHYSIS: 


- WEAR OF SAE ‘ a a —— 5 Re U 2 Patively 
e eG wens Bopen——esea” —elogea”® “cloned 
; Q 0 22 100 
a 0 17 100 i i: Ds: 
ce) ae 36 75 17 8 as 
3 ae 7 49 23 18 10 
a TES 21 76 10 9 5 
ref sk 17 ae 24 47 29 
ie) Extreme 21 67 19 9 5 
J Extreme 20 Rte 20 40 40) 


Fig. 18 Examples of dental and skeletal changes in senile gibbons (H. lar of Chiengmai 
series), A =r. M1 has only labial part of crown left, r. M2 lost and alveolus closed, 1, MJ 
represented by only one root in abscessed alveolus, 1. M2 with most of crown worn away; B= 
all teeth worn down to gums, upper 1, M1 and lower r. & 1. I] lost and alveoli almost obliter- 
ated; C = perforations in orbital process of zygomatic bone; D = bony atrophy in temporal 
bone exposing mastoid cells; E = perforation in fossa iliaca; F and G = perforations in fossa 
supraspinata and in fossa infraspinata of scapula. 
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Shoulder girdle 


The sternal epiphysis of the clavicle contains a small ossification 
center in many of the oldest juvenile gibbons, the center having been 
noted in 2 specimens as early as the period of eruption of the premolars. 
This clavicular epiphysis does not become completely fused with the 
shaft of the clavicle until some time after adulthood has been attained. 
The epiphysis is still separate in all adults showing no noteworthy wear 
of the teeth and in 12 of 93 other adults for which the degree of dental 
attrition has been recorded as moderate (+). In the proboscis mon- 
key, the orang-utan and the chimpanzee the clavicular epiphysis be- 
comes fused in adult life and, at least in the orang-utan, not until the 
teeth have become moderately worn, just as in the gibbon. In man the 
closure of this epiphysis occurs on an average at the age of 22 years, 
according to Flecker (’32) and at the age of 25 years, according to 
Todd and D’Errico (’28). 

In all gibbon fetuses examined the blade and spine of the scapula are 
already extensively ossified. About the time of birth there appears an 
ossification center in the coracoid process. This center develops even 
before birth in proboscis monkeys and orang-utans (Schultz, ’41a, 
42 a), as well as in macaques (new observations), but after birth in the 
chimpanzee (new observations) and in man. The coracoid process be- 
comes solidly joined with the shoulder blade late in the juvenile Il 
period in gibbons and in chimpanzees. The coracoid process is firmly 
attached to the scapula in all adult gibbons and in 17 out of 44 gibbons, 
classified as juvenile II. These 17 specimens are not invariably the 
oldest juveniles, a fact which indicates considerable variability in the 
exact age of this particular fusion. In proboscis monkeys and orang- 
utans this union occurs slightly later, as a rule, namely at the begin- 
ning of adulthood. The corresponding age for man is usually given 
as 15 years. 

The acromial process and the vertebral border of the scapula of gib- 
bons are cartilaginous until late in juvenile life when small ossification 
centers can appear in these cartilaginous portions. The acromion still 
consists of 1 or 2 separate bones in 12 of 39 adult gibbons with unworn 
teeth and the vertebral border has a separate bony rim in 30 specimens 
of this same age group. Among 93 adult gibbons with a moderate de- 
eree of dental attrition the acromion has always become completely 
fused with the scapular spine, but the vertebral border is still, at least 
partly, separate in 15 specimens of this group. In general, therefore, 
the acromion fuses somewhat sooner than the vertebral border. The 
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very eae ith: those in the Gtiee seen ee Be So ie In} 
man the acromion and the vertebral border of the scapula usually dis-| 
appear as separate epiphyses early in adult life, i.e., according to most 
the published statements at the approximate age of ‘94 years. 1! 

In senile gibbons parts of the scapular fossae are frequently reduced ff 
through bony atrophy to such a degree that irregular per forations ap- |] 
pear in the thinnest places. Two such cases are shown in figure 18 (F,| 
G). Practically the same conditions have been observed in very old J 
orang-utans (Schultz, 41a) and are not very rare among the seapulael | 
of senile human beings. 


Limb bones 


The primary ossification centers of most the skeletal parts of the ex- | 
tremities of gibbons appear during fetal life, as could be determined by |ff 
means of x-ray photographs of 9 older fetuses. At birth the gibbon lacks |f} 
only some of the primary centers in the carpus and tarsus and that of | 
the patella. Of secondary, or epiphyseal, centers the newborn gibbon 
possesses those at the proximal end of the humerus, at the distal end of |ff 
the radius and ulna, at the distal end of the metacarpalia II to V, at the 
distal end of the femur, and at the proximal end of the tibia (fig. 19 
and table 33). Four of these centers, however, have not yet appeared |f 
in an infant, several weeks old and having already 6 of its incisors. It 
seems, therefore, that the exact age of appearance of these centers can 
vary considerably in the gibbon, just as it does in man. In general the 
state of ossification of the limb bones at the time of birth has progressed 
slightly farther in the gibbon than in the proboscis monkey, orang- 
utan and chimpanzee, but not nearly as far as in the macaque (Schultz, |i 
37 b, °40 b, 41 a, 42a). In comparison with the average human new- ff 
born, the newborn gibbon is somewhat more advanced regarding the 
ossification centers of the limbs. The conditions of these centers in new- 
born man have been thoroughly recorded by many authors, particularly 
Adair and Scammon (’31), Hill (’389) and Francis and Werle (’39). 

As shown by table 33, there are many differences as well as some close 
agreements in the relative ages and the order of appearance of the §} 
epiphyseal centers in the limbs of gibbon and man. For instance, the } 
centers present in the youngest gibbons appear in man also during the } 
early months after birth, except the center for the distal epiphysis of 
the ulna and the secondary centers of the metacarpalia. The trochlea J 
humeri develops a bony center at the beginning of the period of erup-. 
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Fig. 19 Tracings of x-ray photographs of the extremities of a newborn and of an infantile 
Hylobates lar. The latter was prepared as a wet skeleton. The former is about 8 days old, its 
ossification centers are listed in the first column of table 33, All tracings reduced the same 
amount. 


tion of the permanent teeth in gibbons, or at an age which in man would 
be the seventh year. According to most accounts this center appears in 
man much later. On the other hand, ossification in the patella '® of the 
gibbon starts generally also with the juvenile I period, but in man the 
center of the patella appears already in the middle of the infantile 


The patella usually becomes ossified from a single center. In 1 infant gibbon, however, 
there are two centers in one patella and even three separate bony nodules in the other. 
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period, i. e., at the age of 3 years. The full significance of the order of 
development of these centers will become apparent only after many 
more data on these conditions in other primates have been recorded. 
The process of bony fusion between the epiphyses and shafts of the 
limb bones begins in the gibbon in the juvenile II period after the sec- 
ond permanent molars have appeared and before any premolars have 
erupted. In several specimens of this stage of dental development the 
distal epiphysis of the humerus has become partly united with the di- 
aphysis. The corresponding epiphyseal line is obliterated in all but 2 gib- 
bons with at least some erupted premolars. From table 34 it is seen that 


TABLE 34 


The sequence of fusion in the epiphyses of the long bones of 69 gibbons with incomplete 
closure of epiphyseal lines, 0 = open; p= partly fused; F = completely fused; j = juvenile ; 
a, = adult ; Prox. = proximal epiphysis; Dist. = distal epiphysis; Epic. = medial epicondyle ; 
G. tr. = great trochanter; S. tr. = small trochanter. 


SPECI- HUMERUS RADIUS ULNA FEMUR TIBIA FIBULA 
sua |Prox, | Dist. | Epic. Prox. | Dist. | Prox. | Dist. Head | G.tr. | S.tr. | Dist. Prox, | Dist. | Prox. | Dist. 
4 j. ° Pp ° 0 0 Co) Cy) Co) 0 to) 0 C) 0 0 0) 
3 j. 0 F to) 0 ) 0) ty) 0) 0 C) 0 0 0) 0) 0 
4j. ° F Pp Co) 0 Pp ° to) 0 to) 0) 0 0) 0 ° 
6 j. ay wd P oO o F 0) 0) 0 ty) 0) 0) 0) () 0 
4 j. Co) F F to) to) Pp 0 0 0 to) 0 0 () co) ° 
6j.3a Co) F F ty) oO F ty) 0) Cy) t) 0 to) 0 Oo) 0 
la ) F i ) cy) Ay 0 0 0 F 0 ) 0 0 oO 
la ° F F F 0 F to) to) Co) p Co) o ) to) co) 
la Co) F F Co) 0) 1 ° F F F C) o 0 oO 0 
la Co) 10 F Dp 0 F 0 Pp F F ) Co) 0 Ce) 0 
2a Cy) F F F ) ay 0 0) F 1 @ 0 0) 0 0) 
3a 0 EF F FE 0) K ty) 1 ¥ F 0 0 ) 0 0 
la 0 F EF F 0 iy 0) iy F F ty) 0 F ) p 
la One) F F oe 1B 0 p 1) p 0) p 0) 
Qa. Onn 2 EF F 0) Loy ) F F I to) Pp Pp oy) 
la to) EF F F 0) BE to) Pp F F to) p +) p to) 
2a @ an Hen, oe oO Dee Ee fo jm 2 p p 
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the closure of the epiphyses of the long bones progresses in a quite reg- 
ular order and that only a few of all these epiphyses are closed in juve- 
nile life. Among 39 adult gibbons, in which the degree of dental attrition 
had been recorded as ‘‘0’’, there are only 2 with all epiphyses of the 
long bones closed and among 93 adult gibbons with moderate wear of 
the teeth (—‘‘+’’) there are only 5 in which one of these epiphyses was 
still, at least partly, separate. This last epiphysis to close is invariably 
the proximal one of the humerus. It is interesting to note that the 
proximal epiphysis of the ulna, the last to develop an ossification 
center, is one of the first to become closed, whereas the proximal epi- 
physis of the humerus, which contains ossification centers already at 
birth, is the last one to close. It is evident, therefore, that the different 
epiphyses develop at widely varying rates and that there exists no 
correlation between the order of appearance of ossification centers and 
the sequence of epiphyseal union. The latter proceeds in the gibbon as 
follows, as far as the limb bones are concerned and referring only to 
completed union: 


1. Humerus, distal 10. Fibula, distal 

2. Medial epicondyle 11. Metacarpals 

3. Ulna, proximal 12. Metatarsals 

4. Small trochanter 13. Fibula, proximal 
5. Radius, proximal 14. Tibia, proximal 

6. Great trochanter 15. Femur, distal 

7. Head of femur 16. Radius, distal 

8. Phalanges 17. Ulna, distal 

9, Tibia, distal 18, Humerus, proximal 


This list represents the average condition. In individual cases this or- 
der can differ slightly, particularly regarding the detailed sequence of 
actually completed union of the epiphyses of tibia and fibula and of 
the head of the femur. 

In figure 20 the order of epiphyseal union in the long bones of the 
gibbon are compared with this condition in the few other primates 
which have been studied in this respect so far. Such a comparison is 
facilitated by grouping the epiphyses according to regions, as has re- 
cently been emphasized by Washburn (’43). In all the primate series 
of figure 20 the epiphyses of the elbow region are the first to close, 
though closure of the proximal epiphysis of the radius is somewhat re- 
tarded in several types. The epiphyses of the hip region generally 
close as a second group and are followed by those of the ankle region 
as a third group. Knee, wrist and shoulder represent the fourth, fifth 
and sixth regions in the sequence of epiphyseal union, typical of Old 
World monkeys, gibbons and man. The great apes form an exception 
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Fig. 20 The sequence of epiphyseal union in the long bones of primates. This sequence is 
arranged according to regions (listed on top) and begins in each of the nine squares in the 
upper left corner. The horizontal dotted lines indicate the approximate level at which all 
permanent teeth have become fully erupted and hence show the border between the juvenile 
and the adult period. These levels have been selected in all cases by the writer and are merely 
tentative for the five diagrams based upon data by other authors. Hum. = humerus; Epic. = 
medial epicondyle of humerus; Rad. = radius; Fem.= femur; s. Tro, = small trochanter; 
g. Tro. = great trochanter ; Tib. = tibia; Fib. = fibula; h. = head; p, = proximal; d. = distal. 


82 ADOLPH H. SCHULTZ 


to this rule by manifesting a tendency for early closure of the epiphysis 
at the shoulder. The findings for man by Todd (’33) are not in agree- 
ment with the results of most other investigators (fig. 20). The writer 
can offer no explanation for this discrepancy, but believes that the 
average sequence, characteristic for man, is that obtained by Stewart 
(734) for Eskimos and Indians which is identical with the sequence 
found by Flecker (’32) in male Whites and by Basu and Basu (738) in 
female Bengalee. In female Whites this order differs in some details 
from that in males, according to Flecker and others, but not to a very 
significant extent. As indicated in figure 20, there exists no uniformity 
among primates in regard to the relation between the age of completion 
of the permanent dentition and the period of epiphyseal union in the 
long bones. In white man these epiphyses are all closed before the age 
of 20 years, i. e., before all the teeth have fully erupted. On the other 


TABLE 35 


Occurrence of a septal aperture in the humeri of gibbons (General Series I) at different ages. 


SEPTAL APERTURE PERCENTAGE OF 

Ne SKELETONS : SKELETONS WITH 

EXAMINED Right Left Both APERTURES IN ONE 

only only sides OR BOTH HUMERL 
Infants 16 0 0 0 0 
Juveniles I a 0 0 0 0 
Juveniles IT 44 0 3 2 ual 
Adults 2 99 5 9 11 25 
Adults ¢ into 7 6 17 26 


| 


hand, most of these epiphyses are still separate at the age of comple- 
tion of the dentition in macaques, langurs and gibbons. The gap be- 
tween these extremes is bridged by the African great apes and also by 
Eskimos and Indians who, according to Stewart’s data, frequently 
possess their third molars while the last few epiphyseal lines are still 
visible. 

A septal aperture, or supratrochlear foramen, in the humerus de- 
velops in the gibbon only after the juvenile I period and exists uni- |} 
laterally or bilaterally among adults in about one fourth of the cases, |} 
as shown by the data in table 35. With few exceptions this opening at- ff 
tains only a comparatively small size in gibbons. This aperture is rela- ] 
tively largest and most common among all primates in the orang-utan, 
having been found in about 85% of adults (Schultz, ’41.a). In man the | 
percentage frequency of this feature varies greatly with race and sex, i | 
amounting, e. g., to only 5 in male Whites and to 35 in female Negroes _ 
(Schultz, ’37 a). | 
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In this chapter on the skeletal development of the limbs it remains to 
be mentioned that the os centrale of the wrist was found to be solidly 
fused with the naviculare in 4 senile specimens 2’ of the Chiengmai 
series (3 times bilaterally, 1 time unilaterally). The same condition 
has been observed by the writer in an old siamang and by several 
authors, whose findings have been collected in another paper (Schultz, 
36), in a total of 5 adult gibbons. As is well known, the centrale de- 
velops regularly in the human embryo, but fuses, as a rule, with the 
naviculare during the third month of prenatal life. The African an- 
thropoids are the only primates, besides man, which normally lack a 
free centrale in adult life. In these apes the centrale becomes fused 
with the naviculare in infantile life, according to evidence available so 
far (Schultz, 736). In the orang-utan (Schultz, 41a), in the gibbon 
(as shown above), and some Old World monkeys (Washburn, 742) 
a corresponding fusion does occasionally take place, but only during 
adult life and particularly in old age. It can be concluded that the ap- 
parent lack of an os centrale in man, gorilla and chimpanzee is not as 
fundamental a distinction of these primates, as is commonly assumed, 
but represents merely a difference in the age at which this carpal ele- 
ment loses its independent existence. The tendency for the fusion be- 
tween centrale and naviculare has been encountered in lower catarrh- 
ines and is clearly recognizable in the Asiatic anthropoids, though only 
late in life. 


Skull 


The growth changes and the variability of some of the most signifi- 
cant proportions of the gibbon skull have already been discussed in a 
previous chapter and still other cranial proportions have been dealt 
with in a former paper by the author (’33 a). Here it remains to record 
some volumetric observations on gibbon skulls. The size of the brain 
ease, i. e., the cranial capacity, has been determined with rape seed in 
all skulls of the Chiengmai series. The averages and the ranges of vari- 
ation of this capacity in the different age groups are shown in table 36. 
The cranial capacity varies individually very extensively and some in- 
fants can have larger values than some adults. A secondary sex differ- 
\ ence in this absolute measurement does not appear until adult life and 
| even then it is very small. That the cranial capacity is closely corre- 


*» To determine this fusion with certainty it is necessary to examine the carefully cleaned 
‘carpus in detail. This was possible in only 26 of the old H. lar. In this series the os centrale is 
Htused in 15% of the cases. In all younger specimens of the Chiengmai series the centrale is 
| separate, as far as this could be ascertained. 
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lated with the general body size not only in gibbons, but in all primates, 
has already been demonstrated by the author in another paper (’41b). J 

According to the data in table 37, the cranial capacity (or the very 
similar brain weight) equals at birth between 40 and 63% of the final, J 


TABLE 36 

The cranial capacity (cc.) of H. lar (Chiengmai Series) at different ages. * =2 of these f 
specimens are very young infants with only their first few incisors and the third specimen 1s a) 
full-term fetus of H. pileatus. The capacities of these 3 specimens were determined while the | | 
skulls were wet. ** = with nearly or entirely complete deciduous dentition. 1 


AGH SPECIMENS AVERAGE RANGE 
Newborns om 64.2 52— 73 
Infants ** 9 86,2 68-102 
Juveniles J 5 96.8 78-110 
Juveniles II ? 14 97.8 84-107 
Juveniles II ¢ 19 98.2 81-112 
Adults 2 85 100.9 82-116 
Adults ¢ 95 104.0 89-125 

TABLE 37 


The average cranial capacity of newborns, infants and juveniles in percentage of the arith- 
metic mean of the average capacities for adult females and adult males. The figures for the} 
Rhesus monkey are based upon brain weight, instead of cranial capacity, and are calculated} 
from data by Zuckerman and Fisher, except in the case of the newborns.” The figures for 
gorilla are based upon data by Randall; in the case of the juveniles the mean has been use 
of the averages for females and for males. * = this figure, derived from the capacity of the 
smallest infant with incomplete first dentition, is undoubtedly somewhat larger than it would 
be in a really newborn specimen. The values for man are based upon data by Todd of whie 
the averages for the following ages have been selected: Birth; 3 years (for infants) ; 12 yearsif) 
(for juveniles) ; and 20 years (for adults). 


PRIMATD NEWBORN INFANT. JUVEN. 


Rhesus monkey 


(Brain weight) Zuckerman and Fisher, ’38 40.9 79.8 91.2 
Gibbon 

(Table 36) 62.7 84.3 95.5 
Orang-utan 

Schultz, ’4la 40.4 90.4 96.8 
Chimpanzee 

Schultz, ’40b 45.7 84.5 ooun 
Gorilla 

Randall, ’43—’44 56.1 * 86.1 93.5 
Man 

Todd, ’33 23.3 81.7 96.7 


“The brain weights of 3 newborn rhesus monkeys were determined by the writer; they | 
average 36.2 g. From the detailed data by Zuckerman and Fisher the following average brair} 
weights in rhesus monkeys have been obtained: 72.1 gm. for 8 infants, 82.4 gm. for 76 juveniles | ih 
83.4 gm. for 22 adult females, and 97.2 gm. for 2 adult males. 
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adult capacity in the case of the non-human primates studied, whereas 
in man the corresponding percentage amounts to only 23. In infantile 
life the capacity has already reached from 80 to 90% of its size in adults 
and man does no longer differ markedly from the other primates in 
this respect. In juveniles the size of the skull cavity has attained, on an 
average, in all the series over 90% of its final size. From these fieures 
it can also be concluded that the size of the brain increases very rapidly 
and intensively during the infantile period and very slowly during the 
remaining stages of growth. The gibbon is remarkable for having at 
birth a cranial capacity well over half the size in the adult. 


A 


A.P.E. 65. o A.P.E. 166.9 A.PE. 88.5 


Fig. 21 Midsagittal crest in Hylobates lar, (A) male and (B) female, and (C) a malformed 
right temporal line in a male of the same species. 


The outer surface of the brain case provides attachment area for the 
temporal muscles which increase enormously during growth. In adult 
gibbons with exceptionally small brain cases there exists at times in- 
sufficient surface for attachment of the temporal muscles on the frontal 
and parietal bones alone, in which case there develops a mid-sagittal 
crest, supplying the necessary, additional area for muscle insertion. 
Such crests exist in 3 female and 3 male adult gibbons of the Chiengmai 
series; they vary in greatest height between 1 and 4 mm. (fig. 21). In 
several other specimens of this series the right and left temporal lines 
have approached each other to the point of touching. All these cases 
are characterized by cranial capacities below average size and by 
palate lengths well above average. The larger the latter measurement, 
the larger are generally the temporal muscles and vice versa. That the 
temporal lines are closer together in gibbons with small brain cases (or 
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cranial capacities) than in those with large ones is evident from the 
following data: In 31 adult male H. lar with cranial capacities of 99 ce. | 
or less the minimum width between the temporal lines averages 15.0 
mm., but in 29 other adult male H. lar with capacities of 109 ec. or more 
the corresponding average is 19.7 mm. In the 27 adult female H. lar 
with the smallest capacities (96 ce. or less) the average width between 
the temporal lines equals 16.5 mm., but in the 27 adult females of the 
same series with the largest capacities (106 cc. and more) this width 
averages 20.0 mm. 

The gibbon possesses very conspicuous orbits which are much larger 
in relation to body size than in the great apes and man. This relative 
size of the orbit in primates, including the gibbon, has already been dis- 
cussed in a special study by the author (’40a). Here it remains to 
record briefly the age changes in the size of the orbit and in its position. 
According to the data in table 38, the orbit of the gibbon has reached 
nearly one half its final size in infantile life. In human infants the orbit 
has already attained 60% of its size in adults, whereas in infantile orang- 
utans only 35%. During the juvenile II period the orbital volume 
amounts on an average to anywhere from 78 to 89% of its final size. In 
the oldest juveniles, lacking only their third molars, the orbit is prae- 
tically as large as in adults (average difference in gibbons = 0.1 cc.). 
It is seen that the orbit grows in a manner similar to that of the brain, 
or cranial capacity, 1. e., the most rapid increase occurs early in post- 
natal life. The growth curve of the orbit, however, is not as steep at 
first and as nearly level later on as is the typical growth curve of the 
cranial capacity. The volume of the orbit varies individually to a very 
marked degree. For instance, among the 95 adult male H. lar the range 
of variations extends from 8.3 to 11.0 ec. These variations are closely 
correlated with the variations in body weight (Schultz, ’40 a, fig. 2) and 
the sex difference in the average orbital volume is explained fully by 
the corresponding difference in body size, not only in the gibbon, nee 
in other primates as well. 

During postnatal growth the orbit of the gibbon migrates from a 
position entirely underneath the brain case to one largely in front of 
it (fig. 22), exactly as happens in the great apes, but not in man (Schultz, 
40 b, *41a). This ontogenetic shift in the position of the orbit, to- 
gether with the increase in size of this structure, produces the striking 
postorbital constriction of the skull, characteristic of all adult anthro- 
poid apes, but lacking in infantile apes and in man at all stages of 
growth. 
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In the newborn gibbon the lambdoid and pteric fontanelles are com- 
pletely closed, but the bregmatic and mastoid (or asteric) fontanelles 
are still wide open (fig. 22). In one gibbon infant with only its decidu- 
ous incisors erupted the bregmatic fontanelle has a maximum trans- 
verse diameter of 19 mm. and a maximum sagittal diameter of 24 mm. 


TABLE 28 


Age changes in the average volume of the orbit in the man-like apes and man and the aver- 
ages for infants and for juveniles in percentage of the arithmetic mean of the averages for 
adult females and adult males. The averages for the juvenile gorillas are the means of the 
averages for females and for males, as given by Randall. 


PRIMATE INFANT. Juv. I JUV. II ADULT @ ADULT 
Gibbon 
Chiengmai series 
Specimens 10 5 33 86 95 
Average (cc.) 4.5 5.7 ths 9.3 9.4 
Percentage 47.5 61.2 78.0 
Orang-utan 
Schultz, ’4la 
Specimens 10 13 21 46 53 
Average (c¢.) 8.1 1329 18.8 20.4 26.4 
Percentage 34.6 59.4 80.4 
Chimpanzee 
Schultz, ’40 a & new data 
Specimens 11 17 18 24 19 
Average (cc¢.) oe 15.9 19.5 22.7 24.1 
Percentage 47.4 68.0 83.3 
Gorilla 
Randall, ’43—’44 
Specimens 10 20 47 112 180 
Average (c¢.) 13.7 21.5 28.9 31.3 40.7 
Percentage 38.1 59.7 80.3 
Man 
Schultz, 40 a & new data 
Specimens 13 3 3 42 88 
Average (c¢.) 14.1 Wie) 20.8 21.6 Boal 
Percentage 60.5 76.8 89.3 


In another specimen, in which the first lower molars have appeared be- 
sides all incisors, the diameters of this fontanelle equal 10 and 14 mm. 
respectively. The bregmatic fontanelle is still wide open at birth not 
only in the gibbon, but also in the proboscis monkey (Schultz, 742 a) 


and in man. In contrast to this, the bregmatic fontanelle is either dimi- 
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nutive in size or else entirely closed at birth in macaques, orang-utans 
and chimpanzees (Schultz, ’37 b, ’40 b, ’41 a). 
All fontanelles can at times become closed with the aid of atypical, 
single, or multiple ossicles developing in the fontanelles themselves, | 
These occurrences are described in the chapter on developmental ab- | 
normalities. The pteric fontanelles are closed by the surrounding } 
cranial bones in an individually varying manner. Among 136 gibbon ! 
skulls, in which the sutures of the pteric region had not become obliter- 
ated, the alisphenoid meets the parietal (r. & 1.) in 91 cases (= 67%), | 


fase lB CAS) 


Fig. 22 Skulls of a very young infantile and of an adult Hylobates lar, posed in ear — ey 
horizon and both reduced the same amount. The small perpendicular lines indicate the loca 
tion of the center of the occipital condyles. 


the temporal meets the frontal (r. & 1.) in 35 cases (= 26%), and in the 
remaining 10 cases (7%) one of these conditions exists on one side | 
and the other condition ou the opposite side. In 13 of these specimen . 
the temporal meets not only the frontal, but also the zygomatic bone ( 
times unilaterally and 9 times bilaterally). Ashley-Montagu (’33) 
found a spheno-parietal contact in 84%, a fronto-temporal contact i 
11%, and asymmetrical articulations in 5% of 83 gibbons examined b 
him. These percentages do not agree very closely with those of thef 
writer.?? 

* This puzzling discrepancy is not due to species differences. Ashley-Montagu’s series con- 
tains 33 H. lar of which 94% have the spheno-parietal type of pterion and 6% the fronto-tem- 
poral type. Among the writer’s 100 H, lar (Chiengmai series) the former type exists in 67 


cases and the latter im 25 cases, a distribution which is practically the same as that in the 
writer ’s General serics, 
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In the gibbon the two halves of the mandible become firmly united 
immediately after birth. The temporo-mastoid sutures close, as a rule, 
also at this time, but can persist occasionally until the deciduous denti- 
tion is nearly completed. The interfrontal or metopic suture is nor- 
mally obliterated in gibbons possessing at least the majority of their 
deciduous teeth. As far as the writer has been able to ascertain, this 
suture closes in the gibbon slightly later than in the orang-utan, but 
earlier than in the macque, proboscis monkey, chimpanzee, and man. 
The next sutures of the gibbon skull to close are those between the dif- 
ferent occipital elements. The basioccipital, the lateral occipitals and 
the occipital squama are still entirely separate in 14 gibbon infants 
(12 with complete first dentition) of the General series II. In 9 other 
infants of the same series the lateral and squamous portions have be- 
come partly fused, and the basioccipital is separate. Among 13 gibbons 
of the juvenile I period all occipital parts are separate in only 1 speci- 
men and all parts have become fused in 10 specimens. In the remaining 


_ 2 cases the basioccipital is free, but the lateral and squamous parts 


have started to unite. Among a total of 38 gibbons of the first half 
of the juvenile II period (before eruption of premolars) there are only 
2 in which the basioccipital is still free (and squamous occipital fused) 
and 7 others in which the lateral ends of the sutures between the 
squamous and lateral occipitals have remained open. In the 30 remain- 
ing cases, as well as in all older juveniles, the occipital elements have 
become completely united. These observations can be summarized by 
stating that in the gibbon the squamous occipital generally begins to 


' fuse with the lateral occipitals (at the medial ends of the sutures) very 
- soon after the first dentition has been completed, but this fusion is not 


finished in all cases until the permanent incisors have appeared (= juv. 
II period). Fusion between the basioccipital and the lateral parts takes 


_ place, as a rule, during the juvenile I period. This agrees quite closely 
with the conditions in proboscis monkeys, orang-utans, chimpanzees 
| and man, according to the writer’s previous investigations. 


The relation between dental age and the process of ectocranial ob- 
literation of some other sutures in gibbon skulls is shown in the tables 


39 and 40. The sutures separating the premaxillary from the maxillary 
| bones on the facial aspect of the skull begin their closure in the lower 
| half of the suture. This suture can become closed late in juvenile life, 
but generally it disappears not until early in the adult period and oc- 
} casionally it can remain open even in specimens with a moderate de- 
_ gree of dental attrition. Ehrhardt (’31) has found this suture entirely 
| closed in no infants, but in 8% of young juveniles, 22% of older juve- 


90 ADOLPH H. SCHULTZ 


niles, 79% of adults, and 99% of seniles in a series of gibbons (H. con# 
color) totalling 222 specimens. This author concludes that the pref 
maxillary sutures close earlier in gibbons than in orang-utans and 
earlier in females than in males. According to Ashley-Montagu (735) 
the premaxillary sutures have become obliterated in 7% of infants 
36% of juveniles, 93% of adults without wear of teeth, and 96% i! | 


adults with moderate wear of teeth in a total series of 141 gibbons 


TABLE 39 


Percentages of specimens with partly and with entirely closed premaxillary, internasal, trans 
verse and sagittal palatine, and occipito-mastoid sutures among gibbons (General Series I) ii 
different age groups. These sutures are entirely open in all gibbons of the infantile and jre 
venile I periods. 


PREMAXILLARY INTERNASAL PALATINE OCOIPITO-MASTOI I. 
F SPEOI pores 7 
AGE MENS pons Entirely Partly Entirely Trsv. Pisin Upper Entirel 
Rinied closed closed closed closed pieced Besa ie | 
Juveniles IL 44 Tia di 5 2 0 0 0 0 
Adults with no 
wear of teeth 39 15 59 10 ou 0 3 3 0 
Adults with 
moderate wear 
of teeth 93 5 91 a 88 11 63 20. 14 
Adults with very 
marked wear 
of teeth 79 0 100 3 97 0 99 62 on 
TABLE 40 


Percentages of specimens with partly and with entirely closed sagittal, basilary, lambdoi 
and coronal sutures among adult gibbons (General Series I) grouped according to the degr 
of wear of the teeth. These sutures are entirely open in all infantile and juvenile gibdbe 
examined. 


SAGITTAL BASILARY Fi 
A creer 5 oe a : ___ LAMBDOID " © CORONAL, ? 
MENS artly {ntirely artly Entirely Partly Entirely P: tl 0 i} 
closed closed closed closed closed cageedl et Entivel ' 
Adults with no “a eee coe 
wear of tecth 39 8 28 5 28 15 18 13 8 
Adults with 
moderate wear 
of teeth 93 3 93 2 93 4 91 9 s4 


Adults with very 
marked wear 
of teeth 79 0 100 ] 99 0 100 0 100. 
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Very few of the corresponding percentages of Ehrhardt, Ashley-Mon- 
tagu and the writer (table 39) show close agreement,- particularly re- 
garding the earlier age groups. These discrepancies demonstrate the 
remarkable variability in the age of closure of these sutures. Based 
upon the writer’s former (’40b, 41a) and present observations it is 
concluded that in general the facial part of the premaxillary suture 
closes later in gibbons than in orang-utans and in chimpanzees. It is 
a well established fact that in man these sutures close very much earlier 
than in the apes, namely in prenatal life. 


E. H. moloch 
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Fig. 23 Variations of the nasal bones and congenital lack of these bones in gibbons (A to 
G) and siamangs (H to K). 


The internasal suture of gibbons becomes closed, as a rule, early in 
adult life (table 39). In the orang-utan this suture closes normally 
during the first part of infantile life (Schultz, 41a) and in chimpan- 
zees and macaques even before birth (Schultz, ’37b, ’40b). In man 
the nasal bones fuse very rarely, even among old individuals. The 
nasal bones are extremely variable in size and shape among all gibbons 
and siamang’s, as is shown by the examples in figure 23. In a consider- 
able number of cases the nasal bones are rudimentary or even com- 
pletely absent and this can occur within the same local series that con- 
tains specimens with very large nasal bones. For instance, the cases 
of H. lar, shown in figure 23, are from the Angka series alone and the 
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cases of H. moloch are all from British North Borneo. In the orang- | 
utan there also exists this tendency to suppress the nasal bones in | 
sporadic cases (Schultz, ’41 a). | 

The sutures of the palate generally close in gibbons not until the | | 


completed dentition shows a moderate degree of attrition. The trans- i} 


verse palatine suture is obliterated slightly sooner than the sagittal one | ] 
(table 39). 


Closure of the main sutures of the cranial vault and base occurs in fj 


gibbons normally not before the adult stage has been reached. As 
shown by table 40, the sagittal and basilary sutures close at practically 
the same time. The lambdoid suture is obliterated somewhat later and ff 


TABLE 41 


The weight of the skull (gm.) in adult gibbons with no or little wear of the teeth and-in senile 
gibbons (Chiengmai Series). 


SEX AGE SPECIMENS AVERAGE RANGE 
Adult 20 49.7 43.0-62.5 
Female 
Senile 15 42.5 36.5-50.5 
Adult 20 54.9 45.0-72.0 
Male 
Senile 15 49.4 37.5-57.0 


the coronal suture is the last of these four sutures to close. In gibbons 
with marked wear of the teeth all sutures have disappeared, as a rule, 
except the lower parts of the occipito-mastoid sutures (table 39) and, 
occasionally, traces of the diagonal sutures in the zygomatic arches as 
well as of the naso-maxillary sutures. Comparisons with other pri- 
mates regarding these conditions are best postponed for a later, special 
study. 

In this chapter on age changes in the gibbon skull it remains to be 
mentioned that after nearly all sutures have disappeared and the denti- 
tion has become much worn the weight of the skull often becomes con- 
siderably reduced. This is shown by the data in table 41 which repre- 
sent the weights of uninjured skulls, selected at random from a larger 
series, and all prepared by strictly uniform methods (cold water macer- J 
ation for constant period). It is seen first of all that the skull weight | 
‘an vary individually to a degree quite in accordance with the hich | 
variability of the total body weight. On an average, the skull is oat | 
siderably heavier in males than in females of the same age group. In J 
both sexes the skull becomes significantly lighter in old age, the aver- | 


AGE CHANGES AND VARIABILITY IN GIBBONS 93 


ages and ranges of variations shifting to lower values than exist in 
adults which had died in the prime of life. This bony atrophy, typical 
of senility, leads in extreme cases to irregular perforations of the thin- 
nest cranial parts, such as the posterior walls of the orbits and the up- 
per walls of the mastoid cells, as shown by the examples in figure 18 
(C, D). A corresponding senile atrophy has been observed in several 
other skeletal structures, particularly the ilium and the scapula, as has 
been mentioned in previous chapters. 


DEVELOPMENTAL ABNORMALITIES 


This study has so far dealt chiefly with the normal growth and de- 
velopment of the gibbon, considering also the individual deviations from 
average conditions. In this chapter will be recorded all occurrences of 
abnormal development encountered in the available gibbon material. 
At times it is difficult to distinguish between congenital, localized ab- 
normalities and normal, but extreme variations. For example, a cer- 
vical rib in a primate must theoretically be regarded as the result of 
abnormal development, but the lack of a rib on the last thoracic ver- 
tebra is correctly interpreted as one extreme of a series of normal vari- 
ations in a species, such as the gibbon, showing all degrees of reduction 
in size of the last ribs. The third molars of some primates vary enor- 
mously through all stages of degeneration to an extreme, represented 
by total lack. Whether the absence of such molars should properly be 
listed under ‘‘developmental abnormalities’’ or under ‘‘variations’’, is 
a debatable question. There is no precise border between normal and 
abnormal that can be recognized and applied consistently, hence it is 
unavoidable that one can make only an arbitrary selection of conditions 
to be labelled ‘‘developmental abnormalities.’’ It is the chief purpose of 
this chapter to deal with the frequency of abnormalities in a population 
of wild apes, rather than to dwell on the details of the conditions them- 
selves. The literature of teratology is based largely on findings in 
modern, civilized man. The comparatively few reports on abnormali- 
ties in wild animals are mostly bare case histories without reference to 
the numerical proportion between the malformed and the normal speci- 
mens observed. Thus, there arose the prevalent and unjustified idea 
that developmental defects appear extremely rarely under natural con- 
ditions in the wild and become rapidly eliminated again in the struggle 
for survival. 

The forms and frequencies of developmental defects in the dentitions 
of gibbons have already been discussed in a previous chapter. A few 
anomalies from the gibbon material of this study have been published 
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in other papers, namely the occurrence of an accessory nipple in an ff 
adult H. lar of the Angka series,”* reported by Coolidge (’43), and the J 


existence of unilateral eryptorchism in two H. moloch and one H. lar 
(=5% of 62 wild male gibbons autopsied), described by the writer 
(’38c). Another anomaly, found among the freshly killed specimens, 
is recorded here: An adult female H. lar of the Angka series possessed 
an umbilical hernia which showed on the outer body as a circular ele- 


vation, 6 mm. high and 18 mm. in diameter. There was a corresponding | 


gap, 9 mm. wide, in the linea alba with protrusion of the peritoneum. It 
seems most likely that this represents a congenital hernia and, as far 
as can be ascertained, it is the first such case encountered in a non- 
human primate. 

Developmental abnormalities of the vertebrae of gibbons are sur- 
prisingly common. Some of these have already been referred to in a 
previous chapter dealing with the spinal column. The atlas is particu- 
larly prone to deviate from its normal development. The Chiengmai 
series contains one specimen in which the atlas is extensively fused 
with the occiput and the third and fourth vertebrae are solidly united 
(fig. 24, A). Since there is no sign whatsoever of any disease process 
and since these particular vertebrae have somewhat reduced cephalo- | 
caudal diameters, there can be no doubt that these fusions existed al- 


ready in prenatal life. Cases of what should really be called incomplete | 


separation between atlas and occiput have been recorded many times 
in man, but in other primates this abnormality is exceedingly rare. 


Randall (’43-’44) mentions this condition as occurring in 1 wild gorilla | 


among the 456 gofilla skulls examined by him. In no less than 7 speci- 
mens of the Chiengmai series the dorsal arch of the atlas is incom- 
pletely formed, exactly as shown by the example B in figure 24. This 
really represents a condition known as localized spina bifida occulta, 


which can occur in any of the vertebrae. It is fairly common in the } 
human atlas and has been recorded, also for the atlas, in a proboscis 


monkey and, for the first 3 sacral vertebrae, in an orang-utan (Schultz, 
41 a, 42a). In1 gibbon the dorsal arch of the atlas is entirely separate 
(fig. 24, C), hence must have been ossified from a special center, rather 
than in the normal manner as bony outgrowths from the centers in the. 
lateral masses. In 4 other gibbons of the same series the ventral arch 
of the atlas is incompletely formed, as shown by the example D in figure 


24. In still another gibbon this ventral arch is entirely separate (EK), J 


though the animal is fully adult. The ventral arch develops from one or, 


*It is noteworthy that this specimen (A. P. E. 158) also possesses a supernumerary digit 
growing from the left second finger. 
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more rarely, two ossification centers and normally fuses with the lateral 
masses not later than the beginning of the juvenile II period of gib- 
bons. The Chiengmai series contains 3 additional cases in which both, 
the dorsal and the ventral arches are incompletely developed (fig. 24, 
F). Finally, there are 2 other specimens of H. lar with a practically 
total lack of both arches (G). The last example, shown in figure 24, il- 
lustrates the abnormal lack of fusion between part of the dens epis- 
trophei and the second vertebra. Since this dens is derived from the 
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Fig. 24 Developmental abnormalities of the atlas in fully adult gibbons of the Chiengmai 
series. A = fusion between atlas and occiput; B and C = incompletely formed dorsal arch; 
D and E = incompletely formed ventral arch; F and G = incompletely formed dorsal and ven- 
tral arches; H = lack of fusion of dens epistrophei. B to G=eranial view of atlas with 


ventral arch below. 


body of the first vertebra, it is in order to list it among the anomalies 
of the atlas. The latter have been found in 20 out of the 233 skeletons 
of the Chiengmai series, i. e., with the amazing frequency of 8.6% of 
the cases. Incidentally, 16 fo these anomalous gibbons are males and 
only 4 females. 

Of other vertebrae which had developed abnormally the following 
are specially noteworthy: Anywhere from 2 to 6 cervical vertebrae are 
fused and at the same time appear to be stunted in height in 5 H. lar 
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from Chiengmai (not including cases of fusion, evidently due to disease 
processes). Two of these cases are illustrated in figure 25 (L, M). Pre- 
cisely the same type of non-pathological fusion among cervical verte- 
brae is not infrequently seen in man (e. g., Pan, ’32). In man, as in the 
gibbon, this intervertebral fusion is much more common in the cervical 
region than in the other spinal portions. The term ‘‘fusion’’, though 
customary, is misleading in this connection since this condition is due 
to incomplete segmental cleavage. 

Figure 25 shows a remarkable instance (K) of asymmetrical forma- 
tion of thoracic vertebrae which does not appear to be of a pathological 
nature. This specimen is a young adult with its teeth very little worn. 
There is another case of scoliosis of the thoracic portion of the spine in 
a gibbon from Chiengmai, but this specimen is senile and the diseased 
bodies of many of its vertebrae show peripheral exostoses and deep 
central erosion. In one gibbon the third thoracic vertebra is incom- 
pletely formed, the right half of the dorsal arch having failed to de- 
velop and the neck of the right, third rib is abnormally small (fig. 14, I). 
The coccygeal vertebrae of gibbons are frequently malformed. One 
such case is shown in figure 25 (N). In two instances the last coccygeal 
vertebra is represented by two ossicles lying side by side and in another 
specimen this last vertebra is forked. In many eases the terminal piece 
of the coccyx is long, slender and most likely composed of at least two 
vertebral segments which had become fused at an early stage. 

Instances of abnormally developed ribs are shown in figure 14 and 
require no further comment. Besides the cases illustrated there is one 
specimen with bifurcation of a rib, similar to, but not as extreme as the 
condition shown in example K. Of the last pair of ribs one or both ribs 
are ankylosed with the last thoracic vertebra in 8 gibbons. 

Among the abnormalities of the limbs there is one most unusual case 
(of the Angka series) in which the left upper extremity was lacking 
distal to the middle of the upper arm. The proximal stump of this ex- | 
tremity contained only skin, some thin muscular tissue, fine blood ves- 
sels and nerves, and the proximal part of the humerus, all very much 
reduced in size, except the caput humeri (figure 25, H). This rudimen- 
tary limb was covered with hair throughout and no scar tissue could be 
detected. The writer is convinced that this is a case of incomplete de- 
velopment of an entire extremity. Incidentally, this animal was seen to 
climb with apparently unimpaired dexterity and was as well nourished 
as most other, normal gibbons. In another adult of the Chiengmai 
series the right radius is incompletely formed, part of the shaft being 


lacking (fig. 25, G). Conditions such as those described here are known | 
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Fig. 25 Developmental abnormalities of the limb bones, zygomatie arch and vertebrae in 
gibbons. All specimens are adult H. lar of the Chiengmai series, except D, which is an adult H. 
moloch, and N, which is a juvenile H. lar. A and B= abnormally curved long bones; © and 
D = abnormal fusion between long bones; E and F =abnormal contact between tibia and 
fibula; G—incompletely formed radius; H = normal right and abnormal left humerus of 
‘fone-armed’’ gibbon; I—=incomplete zygomatic arch; K =seoliotie thoracic spine; L—= 
fused cervical vertebrae II to VII; M = fused cervical vertebrae II and III; N = asym- 
metrically formed oceygeal vertebra. 
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to occur in man and to be present already in prenatal life, being un- 
doubted developmental defects (e. g., Unterrichter, ’34). 


In a number of gibbon skeletons have been encountered abnormal 
bony contacts or connections between radius and ulna and between tibia 
and fibula (fig. 25, C to F). Since there are no symptoms of a patho- 
logical nature, no other cause for these conditions seems plausible 
than that of aberrant development. Finally, it is mentioned here that 
in a very. considerable number of wild gibbons one or another, or even 
several of the long bones of the limbs have been found to be abnormally 
curved, as shown by the examples in figure 25, A, B and D. The humerus, 
e. g., is bent, more or less as shown by example A, in 11 gibbons of the 
Chiengmai series (in 5 cases r. & |. humeri). Normally the humerus of 
gibbons is straight as a ramrod (see r. humerus of H). Such cases are 
not old ‘‘greenstick’’ fractures and there is no sign of rickets in x-ray 
photographs of some of these cases. This abnormal curvature of the 
long bones of wild gibbons is certainly not comparable to the patho- 
logical bending of long bones which the writer has frequently seen in 
the skeletons of captive monkeys which had suffered from malnutrition. 


Among all developmental abnormalities those affecting the fingers 
and toes are probably the most common ones and certainly have pro- 
duced the most extensive literature which dates back to antiquity.?* 
Polydactyly, in particular, has been studieed by innumerable authors 
who have proposed widely varying explanations for its origin. This 
type of defect is well known to occur with great frequency not only in 
man, but also among domestic animals, especially swine, cats, horses, 
and fowl (e. g., Prentiss, ’03). Only a few records have been published 
on the existence of developmental abnormalities in the hands and feet 
of simian primates. Friedlowsky (1870) described in detail the hand of 
a macaque in which the fingers Il to V are congenitally malformed. 
Bolau (1877) has published a brief report on polvdactyly in an orang- 
utan which possesses on both hands a supernumerary digit sprouting 
from the fifth basal phalanx. A paper by Goldschmidt (’10) deals with 
a ‘‘cleft-footed’’ chimpanzee in which the toes II to IV of one foot are 
almost entirely lacking, having failed to develop. Pearson (’31) has 
contributed a well illustrated report on the occurrence of the terato- 
logical condition, known as ‘‘lobster claw’’, in a chimpanzee and in a 
macaque. These profound malformations, shown in figure 26, exist in 


“The occurrence of a sixth digit on each hand and each foot in a human giant is recorded 
in the Bible (2 Sam. XXT. 20). Suetonius mentions that Julius Caesar’s horse had hoofs cleft 
like toes. Pliny refers to 2 sisters with 6 fingers on each hand and to a polydactylous poet, 
named appropriately Sedigitus. 
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one hand of the chimpanzee and, in varying degree including syndac- 
tyly, in both hands and both feet of the macaque. The writer (’42 a), 
finally, has briefly discussed cases of supernumerary digits in a pro- 
boscis monkey, a langur and three macaques and incomplete development 
of digits in one of the last mentioned three as well as in a fourth ma- 
caque. To these records may here be added the case of abnormal de- 
velopment in the hand of a mandrill, shown in figure 26. Only the left 
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Fig. 26 Developmental defects in the hand of a mandrill (Papio sphinx) in the author’s 
collection, in the hand of a chimpanzee and in the hand and foot of a macaque (Maeaea mu- 
latta). The latter 2 cases after Pearson (’31). 
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fingers I and V are fully developed in this animal,’ the phalanges of 
the fourth finger are entirely lacking and those of the second and third Jf 
fingers are represented merely by vestiges, and the fourth and fifth 
metacarpals are fused at both ends, the fourth also forming an exten- | 
sive, abnormal, proximal contact with the third metacarpal bone. The |) 
latter conditions correspond to the abnormal fusions in long bones, de- | 
scribed above and shown in figure 25 (C to F). Finally, this list is com- | 
pleted by referring to a recently acquired, adult, male chimpanzee with 
abnormally short right and left middle fingers. On both hands it is the 
basal phalanx of digit III which is affected, the right one being stunted 
in size only, whereas the left one lacks the major part of the shaft and 
the proximal phalangeal stump bears two abnormal, parallel, volar 
processes. Such incomplete development of the diaphysis of a basal 
phalanx exists also in one of the above mentioned macaques and in a 
gibbon (fig. 27,8) and corresponds to the condition of the radius shown 
in figure 25 (G). 

Among the gibbons, examined for this study, digital malformations 
are amazingly common and varied. Examples of these congenital de- 
fects are shown in figure 27. In the Angka series of 113 gibbons the 
following defects on hands and feet exist: Supernumerary digits in 10 
specimens, 6 times on feet and 4 times on hands. These abnormal digits 
vary in size from small, grape-like appendages without any vestige of 
bone to large, well formed structures with nails and phalanges; they 
branch from normal digits at either the basal, middle, or terminal seg- 
ments and on the volar or lateral sides, but never on the dorsal side. 
Congenital reductions in the digits exist in 10 gibbons of the Angka 


Fig. 27 Developmental defects in the hands and feet of gibbons of the Chiengmai series. 
A = accessory digits on toes IIT and IV and incompletely formed toe II1; B = accessory digits 
on toes III, IV and V; C= accessory digits on fingers III and V and incompletely formed 
finger III; D = accessory digits on toes I and III, toes IV and V stunted; E = accessory digit 
on incompletely formed toe IV and partial fusion between II and III; F = accessory digit on 
finger I; G = accessory digit on finger IV; H = accessory digit on finger IL; I = incompletely 
formed and fused toes II and III; K = incompletely formed toe V and finger I in one animal; 
L = fused metacarpalia II and III and accessory metacarpale and incompletely formed finger 
I on opposite hand in one animal; M = fused metacarpalia II and III (with abnormal bony 
prong) and incompletely formed finger V; N = incompletely formed fingers IV and V; O= 9) 
abnormal contact between metacarpalia IV and V; P = fusion between metacarpalia II and. 
III; Q = abnormal contact between metacarpalia IIT and IV and fusion between IV and Vv § 
with free distal end of metacarpale V; R = forking of metacarpale 1; S = incompletely formed. 
basal phalanx II, ankylosis between basal and middle phalanges II and abnormally short #) 
middle phalanx V. 


| 


* The writer had known this mandrill ever since its early infancy. The abnormality of the 
hand had remained unchanged during the more than 6 years the animal had lived in the mu-. 
nicipal zoo of Baltimore. | 
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series, 4 of which also bear supernumerary digits. These reductions 
show widely varying degrees of which only the more marked ones are 
considered here. All the phalanges of a finger or a toe can fail to de- 
velop (fig. 27, L, M) or only some of the phalanges (D, EH, I, K, N). That 
such reductions are congenital malformations and not due to some ac- 
cidental loss, is evident, e. g., from the fact that in many instances the 
terminal digital segment with its nail is present, while the middle and 
basal segments are stunted or lacking (e. g., D, K). Furthermore, at 
times such reduced digits are also abnormally fused, or at least webbed 
(1). Additional malformations among the hands and feet of the Angka 
gibbons consist in fusion between bones, occurring in 4 specimens, 2 of 
which possess some of the previously listed anomalies (e. g., the condi- 
tions shown in A and P exist in one and the same gibbon). In 3 of these 
cases the metacarpals IV and V are abnormally fused and in the fourth 
case the second and third metacarpals are partly fused. In one of the 
former the middle and terminal phalanges V are also fused and in an- 
other (Q) there is also an abnormal contact between the metacarpals 
II1 and IV, the distal portion of the fifth metacarpal is ‘‘free’’, and the 
same specimen has an accessory digit on the right fourth toe. Alto- 
gether there are 15 feet and 10 hands with digital anomalies among 
these gibbons. In man it is generally the hand which is more frequently 
affected than the foot. 

As shown above, the Angka series contains a total of 18 gibbons, or 
16% of all specimens, with at least one, and often several, marked digital 
malformations. In the Chiengmai series, without the Angka material, 
there are 120 gibbon skeletons of which 11, or 9%, show each at least 
one marked bony anomaly on fingers or toes. If these specimens could 
have been examined first in the flesh, as those of the Angka series, ad- 
ditional cases would undoubtedly have been found. As mentioned be- 
fore, some accessory digits contain no bone and leave no trace on the 
skeleton. Some of the above 11 cases are shown in figure 27 (L, M, N, 
R, 8). They contain an instance of forking of the distal end of the 
first metacarpal bone and 2 cases of extensive metacarpal fusion, or 
syndactylism, both associated with incomplete formation of other digits 
and one also with a vestigial supernumerary digit (L). In 6 of these 
cases the basal phalanges of one or another finger bear on their volar 
sides abnormal bony processes of considerable size, well shaped and 
smooth in texture, altogether different from pathological exostoses. 
Whether or not they belonged to the base of accessory digits must re- 
main undecided. In the gibbon material not yet referred to (54 complete 
skeletons of different species) digital anomalies have been encountered 


AGE CHANGES AND VARIABILITY IN GIBBONS 103 


in only 2 cases, namely a H. moloch with extensively fused metacarpalia 
IV and V and a H. agilis with 2 supernumerary toes on the left foot 
and with the middle toe of the same foot abnormally shortened, 

All the digital abnormalities of monkeys and apes, listed above, 
have been found also in man. From the great many published reports 
on the corresponding conditions in human beings it has become well es- 
tablished that many of these malformations are not restricted to the 
outer form and the skeleton, but involve the soft parts as well (e. g., 
Ballowitz, ’04), and that there exists a hereditary tendency for the oc- 
currence of many types of these anomalies (e. g., Miiller, ’37). In man, 
however, these malformations are not nearly as common as in the gib- 
bons of the Angka series. The percentage frequency for the latter is 16, 
an amazingly high value. In a very much inbred strain of mice Fortuyn 
(739) found polydactylism in 12% of males and 18% of females. One 
might be justified in assuming that the gibbon population of Doi Angka 
also is inbred. In the remainder of the Chiengmai series digital ano- 
malies occur in at least 9% of the cases. Among 152 macaques such 
malformations were found in only 3% of the specimens, among 51 pro- 
boscis monkeys in 2% and among 83 langurs in 1% (Schultz, ’42a). 
Considering these comparative data, it can be concluded that the ten- 
dency for abnormal development of digits is quite exceptionally marked 
in Hylobates lar, at least in those from the mountainous region near 
Chiengmai. It is remarkable that this tendency is not limited to any par- 
ticular category of anomalies, but is manifested by a very wide range of 
different developmental irregularities, indicating general instability in 
the early development of the distal portions of the limbs. 

The developmental abnormalities of the skull in gibbons are numer- 
ous and varied; they will be briefly recorded in the remaining part of 
this chapter and are illustrated by figure 28. 

A cranio-pharyngeal canal, penetrating the basisphenoid bone, is a 
normal feature early in intrauterine life, but persists abnormally to 
adult life in only 0.5% of human beings (Schultz, 16). Among the 
Hylobatidae this canal remains open throughout life with very much 

higher frequency, as shown by the data in table 42. In the combined 
series of adult gibbons the canal was found in 30% of the cases. Among 
adult orang-utans the canal exists in 12% and among adult chimpanzees 
in 74% of the cases (Schultz, 41a). In the Cercopithecinae this canal 
occurs in less than 1%, whereas in the Semnopithecinae, the other sub- 
family of lower catarrhines, in 14% of the cases (Schultz, 16), with 
the exception of the genus Nasalis in which a persistent canal is un- 
known (Schultz, 42a). In ali primates the canal is encountered more 
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TABLE 42 a 


The percentage frequency of the persisting cranio-pharyngeal canal among 509 skulls oft 
Hylobatidae (General Series II and data from Schultz, ’33.a). In the entire series the canal) 
exists in 59% of the 2% infants, in 52% of the 77 juveniles and in 30% of the 405 adults. 


SPECI- PER CENT OF HY 

SPEOIES AGD MENS CASES WITH CANAL | 

inf. 17 41 | 
H. lar juv. 50 38 
ad, 251 22 
inf 4 100 
H, moloch juv. 15 73 
id 44 32 
ad juyv 2 100 
Hvagiis ad. 23 35 
inf 1 100 
H. pileatus juv. 3 100 
ad ily 59 
inf 1 100 
H. gabrielli juy. 2 59 
ad 17 6 
inf, if 100 
H. klossi juy. il 100 
ad 12 92 
H. concolor ad. 7 of 
H. hoolock ad. 3 . 67 
juy il 0 
H. leucogenys o8h 1 0 
int. 3 67 
S. syndactylus juy. 3 100 
ad. 30 63 


Fig. 28 Developmental variations and abnormalities in skulls of gibbons. A to D = single 
and multiple bregmatic fontanelle bones (note large fontanelle in infant A which has already 
a few incisors) ; E = left: fontanelle bone at lambda, right: fontanelle bone at asterion (note 
open temporo-mastoid suture) ; F = asteric fontanelle bones (double on left) ; G = pteric and 
asteric fontanelle bones; H = double pteric and asterie fontanelle bones, or divided alisphenoid 
(note contact between temporal and zygomatic bones); I = divided parietal bone, double 
asteric fontanelle bones and retention of sutura mendosa; K = os Incae unilaterale and lamb- 
doid and bregmatie fontanelle bones; L = retention of metopie suture and bregmatic fon- 
tance bone; M = premature closure of right coronal suture, producing plagiocephalus; N = 
divided zygomatic bone, bilateral, in same skull as shown in L; O=vomer participating in 9 
formation of hard palate; P = divided zygomatic bone with abnormal shape of zygomatic arch, | | 
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Figure 28 
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frequently in infants than in juveniles and more frequently in the 
latter than in adults. This fully supports the conclusion that the cranio, | 
pharyngeal canal can become obliterated at any stage of development 
including the postnatal periods. There exist very marked specific anc 
generic differences regarding the average age of disappearance oiff 
this canal. In man it closes normally during embryonic life and itsf 
rare persistence to adulthood is to be regarded as a developmental inj 
hibition. On the other hand, in H. klossi, e. g., the canal does not nor} 
mally become closed at all, as it was found in 11 of 12 adults, including 
several old specimens. 
In the fontanelles of gibbons there can develop single or maltiele 
bones of widely varying size and configuration, as has been shown by eff 
number of authors, notably by Ranke (1899) and by Hopwood (’33) ff 
The present, extensive material of gibbon skulls is particularly suitif 
able for studying the frequency of such deviations from normal cranial 
development. For these statistical determinations only such skulls cauff 
be used in which all main sutures are still visible, since the borders o 
fontanellar bones become obliterated at about the same time as th¢ 
normal, adjoining sutures. The Chiengmai series contains 91 specilf 
mens with visible sutures. Among these there are no less than 42 skulliff 
= 46%) with one or more fontanelle bones. The latter are distributec 
as follows: Bregmatic bones in 14 skulls (9 times single, 2 times double] 
2 times triple, and 1 time quadruple) (fig. 28, B, C, D); lambdoid bones | 
in 5 skulls (1 time double) (E); asteric bones in 30 skulls (8 times unilfi 
lateral only, 12 times double) (E to I) ; pteric bones in 7 skulls (5 time: 
unilateral only). In 28 of these cases there is only one type of fontalf 
nellar bones, in the remaining 14 cases there are two types in each skul] 
Among the other gibbon skulls, examined by the author, there are 74 
with visible sutures. This series contains 12 cases of bregmatic boneiff 
(once triple and once composed of even 6 pieces), 2 cases of lambdoidf 
bones, 2 cases of asteric bones (both unilateral), and no cases of pterifff} 
bones. Altogether there are 15 skulls (20%) with 1 or more fonifl 
tanellar bones in each. It is specially mentioned that no such abnormal} 
bones were encountered in any specimens of H. moloch, in striking conf 
trast to H. lar from Chiengmai, among which nearly one out of every 
two possesses these bones, and that among 22 H. lar of the Malay Pen 
insula only 18% have fontanelle bones, instead of 46%, as in the H. laff 
from Chiengmai. That the tendency to close fontanelles from superf} 
numerary ossification centers is of a hereditary nature and can assis | } 
almost a species character, appears most likely also in other groups 0 
mammals. Thus, bregmatic fontanelle bones exist in a majority of the 
cases in the ihren hedgehog, the Canadian beaver and the Nortlff 


| 
in 
1} 
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American porcupines (Schultz, ’23) and oceur in 17.5% of Lynx rufus, 
whereas never in Lynx canadensis (Pratt, ’42). 

Of other cranial abnormalities in gibbons the following are specially 
rare and, hence, worth recording: 1. Abnormal suture in right parietal 
bone in an infantile H. lar (fig. 28, 1). Completely or incompletely 
divided parietal bones are not infrequent in the orang-utan (Schultz, 
41a), but very rare in other primates and have never before been 
found in gibbons, though many have been examined by, e. g., Hrdlitka 
(’03) and LeDouble (’03). 2. Complete division of the zygomatic bones 
in 3 gibbons (fig. 28, N, P). In all 3 of these cases the abnormal suture 
exists in the right and left zygomatic bones and in 2 of these cases both 
zygomatic arches are much enlarged, reaching far down in a very ab- 
normal fashion, as shown in the sketch P. These 3 cases represent 2% 
of the 166 gibbon skulls with visible sutures. Among 166 orang-utan 
skulls the author (’41 a) found such divided zygomatic bones in nearly 
7% of the cases. Hrdlicka (’02) has described the same occurrence in 
an additional orang-utan. In man the incidence of completely divided 
zygomatic bones differs greatly in various races, being most common in 
the Japanese (3.2%, according to Martin, ’28) and very rare in, e. g., 
aboriginal Americans (0.04%, according to Hrdlicéka, ’02). 3. In one 
adult gibbon skull the right zygomatic arch is incompletely developed, 
having a vestigial central portion ‘‘floating’’ between the abnormally 
broad anterior and short posterior ends of the arch (fig. 25, I). Le- 
Double (’03) mentions a gibbon in the museum of Paris whose left 
zygomatic arch is incompletely developed and states that the same 
malformation exists in a lower catarrhine monkey, examined by him. 
It is noteworthy that the above gibbon (A. P. HE. 9, ad. 2) possesses 
still other abnormalities, namely a supernumerary incisor in the lower 
jaw and congenitally fused second and third vertebrae. 4. A unilateral 
Inca bone in a H. lar (fig. 28, K). This is not a mere fontanellar bone, 
but represents an abnormal division of the occipital squama, corre- 
sponding to the so-called Inca bones, occurring in man with high fre- 
quency in Peruvian skulls. As far as the writer can ascertain, the gib- 
bon skull described here is unique, inasmuch as no Inea bones have be- 
fore been reported for any primate, besides man. As happens in many 
cases, this specimen has more than one anomaly. Besides the Inca 
bone, it possesses a supernumerary premolar tooth. 5. The metopic, or 
interfrontal, suture, which normally disappears in gibbons before the 
close of the infantile period, has persisted to adult life in one H. agilis 
(fig. 28, lL). Only the short, glabellar portion of this suture is closed 
and the remaining seven-eights of the suture are completely open. 
This is the first case of metopism in an adult gibbon that has ever been 
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recorded, even though well over 500 gibbon skulls have been examined | 
for this condition by various authors, including the writer (see also 
Ashley-Montagu, ’37). Again it is found that this abnormality is as- 
sociated with other ones, inasmuch as the same specimen possesses di- 
vided zygomatic bones on the right and left sides and a midsagittal 
perforation of the manubrium sterni. 6. In 3 gibbons the coronal suture ff 
of one side is prematurely closed, producing a very marked asymmetry | 
of the skull, a condition well known in man and called plagiocephalus ff 
(fig. 28, M). Exactly the same abnormality has been described by the } 
author (’26) in 4 adult, wild howler monkeys. 7. In 2 adult gibbons the ff 
vomer participates in the formation of the hard palate by appearing at fj 
the intersection of the sagittal and transverse palatine sutures (fig. 28, | 
O). This same rare, abnormal condition has been found in an orang- | 
utan (Schultz, ’41 a) and in a few skulls of man and other mammals 7° ff 
(Killermann, 1894). 


This long list of abnormalities in gibbons shows the amazingly high 
frequency of cases in which one bodily structure or another can deviate 
profoundly from the normal course of its development and this in wild jf 
animals. Abnormalities in the skeleton and dentition alone occur in |} 
the Chiengmai series of 233 gibbons in 47% of the animals. In the 
males this percentage is higher than in the females, namely 56, as con- 
trasted with 37. These figures include only the more significant defects, 
that have been recorded here, and leave out of consideration such con- 
ditions as crowding and twisting of teeth, perforation of the sternum, 
abnormal curvature of long bones, and reductions in digits affecting 

| 


only the size. It has been pointed out repeatedly that several and quite 
unrelated developmental abnormalities can occur in one and the same 
individual, thus indicating a general lack of normality in the processes 
of embryonic differentiation. To mention briefly a few more specific 
instances of multiple defects in individual gibbons, the following 3] 
cases may here be added: 1. Adult skeleton with retention of deciduous 
tooth, syndactyly, and incomplete formation of atlas and of one digit. 
2. Adult skeleton with incomplete twinning of both lower canine teeth, 
congenital lack of both lower third molars, two fully formed ribs from 
seventh vertebra, and large bregmatic and asteric fontanelle bones. 3.) 
Adult skeleton with polydactyly and congenital lack of all third molars 
and of one lower incisor. 


“In the skulls of 3 adult domestic cats of the author’s collection the vomer appears on the 
palate in exactly the same fashion as in the gibbon shown in figure 28 (O). It may be men- jf) 
tioned that these are the only cases of this nature among well over 100 skulls of Felidae 
examined by the writer. 


T 
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SKELETAL PATHOLOGY 


In the skeletons of wild gibbons one encounters frequently unmistak- 
able evidence of fractures which must have occurred long before death 
of the individual since they have become repaired with widely varying 
degrees of bony changes. Examples of healed fractures in adult wild 
gibbons are shown in figure 29 and have also been published in another 
paper by the author (’39). At times such fractures have failed to be- 
come repaired, though being evidently of long standing (e. g., fig. 29, L, 
O). In other instances, however, the process of healing has been re- 
markably successful, considering that it was left, of course, to nature 
alone (e. g., A, I, P). There are several cases in which fractured long 
bones of the limbs have mended without having become significantly 
shorter than the corresponding, uninjured bone of the opposite side 
(Schultz, ’39, p. 579). In 1 gibbon the body of the mandible had been 
fractured in nearly the same manner and had healed fully as well as in 
the case of a fractured mandible of prehistoric man, described by 
Breitinger (’39), which was used in support of the unconvincing con- 
clusion that the art of ‘‘bone setting’’ must be very ancient. 

The data in table 48 show first of all that the incidence of healed 
fractures rises sharply with advance in age. In the Chiengmai series 
fractures are lacking among infants,?* but they occur in over half of 
the old males. Among all adults, including senile specimens, fractures 
exist in 28% of the females and in 37% of the males. The corresponding 
figures for adult orang-utan (total examined = 60 complete skeletons) 
are very similar, namely 30 for females and 36 for males (Schultz, ’41 a). 
In adult wild African apes healed fractures are not nearly as frequent, 
having been found by the writer in only 2 (13%) out of 15 complete 
skeletons of chimpanzees and in 2 (= 18%) out of 11 complete skeletons 
of gorillas.28 Among the 233 gibbon skeletons from Chiengmai there is 


27 Among all other infantile gibbons, examined by the writer, there is only 1 specimen 
with healed fractures, namely a H. lar from an unknown locality in Siam which has both tibiae 
and the left fibula broken in the middle of the shafts and healed in strongly bent manner with 
marked callous formation. j 

* Among the humeri, radii, femora, tibiae, and clavicles alone healed fractures have been 
found in 9 (=11%) out of 84 sets from adult wild chimpanzees and in 9 (=7%) out of 127 
sets from adult wild gorillas (Schultz, ’37.a). According to Randall (43-44) healed frac- 
tures on the skull alone exist among wild adult gorillas in 2% of 123 females and in 6% of 
213 males. 

spade states that: ‘‘A study of the frequencies of fractures and various indications of 
other pathological conditions in the skeleton is apt to produce a misleading conclusion. This 
is due to the fact that the very possession of such conditions may render animals more likely 
to be met and killed by the hunter.’’ Based upon his extensive field experience in hunting pri- 
mates, the writer can not at all agree with Randall’s view. Injured apes are more alert to 
danger, less inquisitive and, being quiet, less apt to be detected than the healthy, restless, noisy 
members of their groups. Furthermore, the predatory carnivores are more numerous and per- 
sistent than human hunters and would promptly eliminate injured apes, if this were easy. The 
very fact that so many specimens have survived fractures sufficiently long for complete healing 
to take place and to keep on living to senility, proves that these percentages of healed frac- 
tures are not unnaturally high, but may rather be too low, since some very severe fractures un- 
doubtedly kill the animal in a short time. 
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TABLE 43 


Percentage frequencies of healed fractures in different age and sex groups of the 233 H. lar 
of the Chiengmai series and distribution of these fractures among skeletal parts. 


TOTAL OF PERCENTAGE OF SKELETONS 
AGE AND SEX SPECIMENS WITH 1 TO 7 FRACTURES EACH 
TLE TLS) 2 ae eee a ep eA CS ee a a ae 11 0 
AER OITILES ee cEOF Sait Beyer tey Gity Been ne oe Be eae 38 13 
PNGUULU SB Oman seechckaer oe Weenie ey cee crn pa ode 68 22 
ANGE Gc fok “Ge cto OSB Sete OG. UCHR ae ITS ee 78 33 
CTU MS Atenas Sew ye teheniipe eras ener ett reride sesso? 19 47 
“SIGEOOT Ee Fe i ESA Seco Sar ies ce en IR ORE 19 53 


These fractures are distributed among the different skeletal parts of the above 65 specimens 
as follows: 


PERCE TUS bet teys ce eee oe 16 times OS OREN. Saeco ee tories Se Gr 4 times 
OTT pero cial ooo sacle s ernicss 15 times Metacarpus .............. 3 times 
Phalanges .............:. wo comics oe ei meet ieee Seenaitete ayers 3 times 
: ? AT PUG: 0d cyst cee bos a zergcdee oe oat 2 times 
9 
Ribs... -. 2. esses eee de ee Orbiter ieee eee 2 times 
RAT) ctee Patna tere Redes sas.cv ands, ee Sais 10 times Sterntimi. ee 2 times 
RO UN NS we arcks ch eatin ee uct 7 times Metatarsus) means. silarre te 1 time 
Ola vic loth ie ee tas. 7 times PD ANSUS > Mecca sexe: ayiitntes eaore 1 time 
a ee Rubies ZY GOMALIE ALCM Gsm etc 1 time 
ISPKGNGIISG ale a Oeucty cia aces Grates 5 times Total—115 bones with at least one 
PICA UIAS arched acsvnac a eereeey 5 times fracture each. 


a total of 115 healed fractures; the latter figure equals 49.4% of the 
former figure. In man this percentage is very much lower, as is indi- 
cated by the following example: Smith and Jones (10) have listed the 
healed fractures encountered in the skeletons of the ancient inhabitants 
of Nubia; among approximately 3000 individuals from the two largest 
cemeteries there were altogether 33 healed fractures which form only 
1.1% of the number of skeletons, instead of 49, as in the gibbons. Even 
though it is admitted that these widely different figures may not be 
strictly comparable on account of differences in the age composition of 


Fig. 29 Examples of healed fractures in adult wild gibbons. A to E = fractured humeri of 
5 different specimens (A and B have fractures in upper half of shaft, C to E at distal end) ; 
F and G = fractures and subsequent infection of elbow joint in two different specimens; H! = 
fractured (?) elbow and ankylosis between humerus and ulna; I to L = fractures of femur in 
3 different specimens (I is same animal as B), K has two fractures of shaft, L has unrepaired 
fractured neck on right with formation of false joint lateral to head of femur; M = fractured 
ilium; N = incompletely healed fracture of acetabulum; O = unrepaired, old fracture of cal- 
eaneus with abnormal process on distal portion (same animal as A); P = fracture at mandi- 
bular symphysis; Q = fractures at right orbital rim, nasal bones and apertura piriformis; R = 
ineompletely healed fracture of brain case from foramen magnum to left orbital rim. All these 
specimens are H. lar and all, except R, belong to the Chiengimai series. 
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the two series or in other factors, it is certain that no population sample 
of man contains nearly as many healed fractures as the sample of gib-] 
bons or that of orang-utans.2® The extremely arboreal mode of life of 
these apes is undoubtedly the chief cause of this enormously high inci- } 
dence of fractures. It is particularly remarkable that these apes can) 
survive even very severe fractures, such as that of the skull shown ing 
figure 29, R,° and that others can live and thrive after having suffered 
as many as seven fractures.*! | 

The different skeletal parts of gibbons become fractured with widely | 
differing frequency, as shown by the data in table 43. Humerus and 
femur are most likely to become fractured, whereas the bones of the 
forearm and of the leg are much less often injured. The same can bef 
said in the case of orang-utan, but in man just the opposite relation|f) 
prevails in this regard, at least as a general rule (e. g., Smith and Jones, |} 
10, p. 295). Finally, it is mentioned that of the 115 gibbon bones withif 
healed fractures 43 belong to females and 72 to males. This again indi-f 
cates that males are more apt to become injured than females and this, 
probably, due to fights between the former. 1 

The skeletons of wild gibbons contain many and marked pathologica 
changes besides those due to fractures, as shown by the examples i 
figure 30. No attempt will be made here to discuss all these pathologica 
conditions in detail, since the chief interest lies in the frequency o 
their occurrence. The following general types of bony changes could 
be observed in the Chiengmai series alone: 1. Hypertrophy of bon 
tissue on the shafts of long bones, manifested by irregular and striking 
thickening of the diaphysis of a radius (fig. 30, A), an ulna (2 speci4 
mens), a tibia, and a fibula (total—5 cases). 2. Atrophy of tibia and 
fibula of one leg in 2 specimens, the affected bones being of practically 
the same length as the corresponding bones of the other, normal leg, but 


* Among 92 orang-utans, including all postnatal age stages, there is a total of 49 healediff 
fractures (Schultz, ’41a). The percentage relation between the latter and former figuresff| 
equals 53.3 and is even higher than the corresponding value for gibbons. 

*° Duckworth (’12) describes the case of an adult wild orang-utan of which he states:-| 
‘‘That an animal with the jaw fractured on both sides, and practically the whole face sepa 
rated from the cranial base, should have lived long enough for processes ef repair to commence! 
is little short of marvelous.’’ | 

* Among the gibbons from Chiengmai there is one with healed fractures of the lower jaw, ry 
fibula and r, ribs II, III, V, VII, and VIII and another with repaired fractures of the man- 
dible, 1. zygomatic arch, 1. radius, and r. clavicle. In a third specimen one humerus and both 
hip bones had been fractured and this, most likely, in one and the same accident, since healing! 
had progressed equally far in all three places. In still another specimen both hip bones had | 
been fractured and the r. temporal muscle had evidently been injured, it was atrophic, con- ' 
tained much scar tissue and its attachment to the cranial vault was alnormal 


, as shown i 
figure 21, C. 
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| of barely half normal thickness. 3. Diseased joints in which the articular 
| Surfaces are enlarged, irregularly formed, bearing exostoses, and be- 
| ing partly porous. This condition was found in the sterno-clavicular 
| Joint in 11 specimens (7 times unilaterally, 4 times bilaterally) (fig. 30, 
' B), in the mandibular Joint in 5 specimens (3 times unilaterally, 2 times 
| bilaterally) (B), in the hip joint in 5 specimens (5 times unilaterally) 
| (D, E, F), in the shoulder Joint in 5 specimens (4 times unilaterally, 
| once bilaterally), in the elbow joint in 4 specimens (4 times unilater 
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Fig. 30 Examples of pathological changes in skeletal parts of adult wild gibbons. BS 
diseased shaft of radius; B = diseased r. & 1. sterno-clavicular joints and 1. mandibular joint 
from one skeleton; C = diseased r. atlanto-occipital joint; D to F = diseased hip joints in 3 
different specimens, showing acetabulum and head of femur in each; G = arthritic changes in 
vertebral column, ventral and lateral views, showing exostoses ( which had firmly united the 
12th and 13th thoracic and 1st lumbar vertebrae), and (enlarged) view of last lumbar vertebra 
showing erosion in vertebral body. All these specimens are H. lar of the Chiengmai series, ex- 
ept G which is a H. moloch. 
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ally), in the knee joint in 3 specimens (3 times unilaterally ), in the joints | 
of the wrist in 1 specimen (unilaterally), in the atlanto-occipital joint }} 
in 1 specimen (unilaterally) (C), and in one or several interphalangeal 
joints in a marked degree in 4 specimens and in a slight degree in many | 
additional specimens (the latter are not included in the calculation of 
percentage frequencies). 4. Exostoses, and sometimes also partial ero- 
sion, of the bodies of vertebrae in a total of 13 specimens from Chieng- 
mai. These particular pathological changes occur most frequently on#) 
lumbar vertebrae, but have also been observed on the last one or two, | 
thoracic, the first sacral, and the last few cervical vertebrae. A very) 
marked example of this condition is shown in figure 30, G. 

These vertebral changes, as well as many of the diseased conditions 
in the joints, listed under 3, are typical of chronic arthritis. Exactly) 
the same sort of arthritic changes in wild primates have been described! 
and illustrated by Fox (’39), who observed them in gorillas, orang-utans 
and baboons, but not in any of 22 gibbons. Moodie (731) also has 
recorded extensive arthritic changes, closely corresponding to those 
found here in gibbons, in the vertebrae of a mummified baboon of an4 
cient Egypt. Fox had concluded that chronic arthritis occurs only in 
‘‘macrosomic animals’’ and is absent in the smaller mammals. Thi: 
ean no longer be maintained in view of the fact that typical arthritic 
changes of vertebrae exist in many gibbons (in a total of 15 specimens. 
seen by the author), have been recorded for a proboscis monkey 
(Schultz, ’42a) and have been encountered by the writer in severa 
macaques. It is noteworthy that of the 13 gibbons from Chiengmai with 
arthritic exostoses on the vertebrae 10 are senile specimens. Manifesta- 
tions of arthritis in the spinal column are frequently, but not always 
associated with other pathological changes in the skeleton and denti- 
tion. To mention a few such cases: One old female gibbon has very} 
marked exostoses on the fifth lumbar and the first sacral vertebrae, theg 
right hip joint is extensively diseased, one interphalangeal joint shows) 
arthritic changes and has become ankylosed, there are two alveola 
abscesses, and carious cavities in two molar teeth. In another old fe 
male there are numerous exostoses on the ventral margins of the 
bodies of several cervical, lumbar and first sacral vertebrae, both] 
sterno-clavicular joints are much diseased and there is one alveolar 
abscess. In an old male gibbon the last thoracic, 2 lumbar and the first] 
sacral vertebrae bear unmistakable arthritic exostoses, both sterno-§f 
clavicular and both mandibular joints are extensively diseased, the left 
olecranon and the proximal ence of both humeri have developed i | 
regular bony processes, and there are four large alveolar abscesses. 
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The pathological conditions of the skeleton (without fractures), dis- 
cussed above, exist in 40 out of the 233 wild gibbons of the Chiengmai 
series. Nineteen of the former are males and 21 females. Among’ the 
different age groups they are distributed as follows: Marked patho- 
logical changes in the skeleton (without healed fractures) have not 


_ been found among.11 infants, but exist among 38 juveniles in 1 speci- 


men (= 3%), among 146 adults (without old specimens) in 18 speci- 
mens (12%) and among 38 seniles in 21 specimens (—55%). It is 
very evident that the incidence of these disease processes rises very 
rapidly with advance in age. Among the 38 senile gibbons from Chieng- 
mai there are only 6 specimens without any pathological conditions in 
the dentition or in the skeleton, if healed fractures are considered also. 


SUMMARY 


The gibbon is the only one of the man-like apes which still survives 
in vast numbers and hence it can be studied with statistically adequate 
material. As all anthropoid apes, the gibbon is in many respects ex- 
tremely variable so that large series of specimens are essential for ob- 


taining averages which really represent closely the typical conditions. 
_ For the present investigation a sample of a wild gibbon population has 


been available. Based chiefly upon this material it has been possible 
to analyze not only the morphological changes with advance in age 


-and the ranges of individual variations in many metric and other fea- 


tures, but also the composition of a typical group according to age and 
sex, as well as the frequency of developmental defects and the pre- 


valence of pathological conditions. Comparative data of this nature are 
~much needed as a basis for the study of man. 


It has been the principal purpose of this paper to record fully the 
many morphological findings in gibbons derived from detailed observa- 


tions on mostly new material. Thus, this study forms a contribution to 


the science of primatology which aims to provide comprehensive and 
reliable knowledge of all non-human primates as the essential back- 


| eround for a complete understanding of the primate nature of mankind. 


Some of the morphological characters of gibbons have here been 
compared with the corresponding conditions in a few of the many other 
primates. it must be emphasized that these limited comparisons are 
only of a preliminary nature and that broad generalizations will not 
become possible until many additional comparative data have been 
recorded. That this report deals almost exclusively with the metric fea- 
tures of the outer body and with the dentition and skeleton, is due to the 
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nature of the available material and the limitations incident to collecting 
and observing in remote jungles. | 

The gibbon material used in this study consists of the following 
series: 1. One hundred and seven Hylobates lar from one mountain in| 
northern Siam (= Angka series). These specimens and 6 additional | 
infants and fetuses had been measured in the flesh and supplied the data 
for the study of body proportions. 2. Two hundred and thirty-three | 
skeletons of H. lar (including the skeletons from the Angka series) 
from the limited district of Chiengmai in northern Siam (= Chiengmai | 
series). 3. Forty-four additional skeletons of various gibbon species, ff 
together with the Chiengmai series, constitute the General series I 
which forms the basis for the study of conditions, typical of the entire f} 
genus Hylobates. 4. A General series II is composed of the previous 
series and varying numbers of additional specimens (mostly skulls) |} 
and is used in the analysis of such problems as the sequence of eruption |ff} 
of the teeth and the order of suture closure. 

One fourth of these gibbons are of pre-adult age, about 58% are 
adults, collected in the prime of life, and the remaining 17% are senile. } 
On a general average, there are 91 female to every 100 male gibbons. 
The percentage of pregnant females among all adult wild females 
equals 13 in gibbons and anywhere between 9 and 50 in series of seven 
other types of primates, collected by the author. It appears most 
probable that gibbons do not become pregnant until some time after 
they have acquired their full dentition. It can also be concluded that 
gibbons have no breeding season. 

Adulthood in gibbons is reached toward the end of the ninth year, ac- 
cording to the scant, available evidence. At birth the gibbon weighs 
approximately 400 gm. The average body weight of adult Hylobates 
lar equals 5.3 kg. in females and 5.7 kg. in males; the range of individual 
variations is enormous, extending among adults from 3.9 to 7.3 ke. The/ff 
birth weight amounts to 6.7% of the weight of adult females, which is ff 
the highest ratio found so far among primates. 

The most significant age changes in the body proportions of gibbons | 
are briefly enumerated in the following: The trunk becomes more 
slender during the interval between the fetal and the early juvenile ff 
periods of growth, but becomes stouter again late in postnatal life, es-. 
pecially in the males. The relative shoulder breadth decreases in infan-, 
tile life, to increase thereafter. The relative hip breadth decreases in, 
general during growth and does not differ in the two sexes, even among 
adults. The proportionate size of the pelvic inlet, however, is signifi- }} 
cantly greater in adult females than in adult males. The chest becomes 
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relatively broader with advance in age. The height of the chest, as 
represented by the length of the sternum, equals at all ages about one 
fifth of the trunk height and is significantly shorter in females than in 
males. The proportionate lengths of the various spinal regions change 
with age, those of the cervical, thoracic and coccygeal portions decrease 
and that of the lumbar portion increases. 

The relative length of the lower limb becomes greater from fetal to 
Juvenile life, but somewhat smaller again thereafter. The upper limb 
grows in length more rapidly than the trunk and also more rapidly 
than the lower limb. The relation in length between tibia and femur 
changes comparatively little with age, but that between radius and 
humerus shifts very markedly since the forearm grows more intensively 
than the upper arm. The relative lengths of the foot and of the hand 
increase during late fetal life, to decrease again in the postnatal periods 
of growth. The relative widths of foot and of hand decrease with ad- 
vancing age, a change which is particularly marked in the hand. The 
relative length of the thumb diminishes somewhat ontogenetically. 


_ The main segments of the foot grow at widely differing rates, thus the 


tarsus becomes proportionately shorter with age and the phalanges 
form gradually a much larger percentage of the total foot length. The 
middle digit of the foot and of the hand is always the longest. The 
second finger is longer than the fourth in the great majority of the 
specimens of the Angka series, but the second toe is shorter than the 
fourth in most cases. 

The relative size of the average diameter of the head decreases very 
strikingly with advancing age, as the brain grows very rapidly early in 
life and increases very slowly later on. The cranial capacity at birth 
has already attained over 60% of its final size, but the body in general 
has reached less than 10%. The face grows less rapidly than the trunk, 
though more intensively than the brain part of the head. The cephalic 
index undergoes comparatively little change with age, but the cranial 


- length-width proportion becomes considerably altered ontogenetically, 
_ since the length of the brain case increases more than its width and, in- 
- cidentally, more than its height. The face gains more in height than in 


breadth with advancing age. The orbits grow rapidly during early life, 
reaching nearly half their final size in the infantile period. They migrate 
postnatally from a position entirely underneath the brain case to one 
largely in front of it. The relative width between the eyes decreases 
markedly during early growth, but increases again in juvenile life. 
The greatest proportionate size of the outer ears is attained in the in- 
fantile period whereafter the relative ear size is somewhat reduced. 
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The body proportions of gibbons are compared with those of spider J 


monkeys, macaques, proboscis monkeys, orang-utans, chimpanzees, and 
men and this at fetal and at adult stages. With few and detailed ex- 
ceptions there exists a much greater resemblance between these pri- 
mates among the fetuses than among the adults. The general growth 
trends of most the proportions are strikingly similar in all the types 
compared, though the degres of ontogentic change can often differ 
considerably, especially late in growth. The outstanding specialization 
among the proportions of the gibbon consists in the enormous length- 
ening of the upper extremities, due most of all to the unique relative 
length of the forearm. 

From detailed comparisons regarding the precise degrees of varia- 
bility in proportions of the outer body and of skeletal parts it is con- 
cluded that, in general, the wild gibbons of the Angka and Chiengmai 
series are as variable as are individuals in the average human series. 
The body proportions of the gibbons have a greater variability than 
those of wild spider monkeys. In regard to some skeletal proportions 
the gibbons of the geographically very limited series from Chiengmai 
show as high a variability as do other primates in series composed of 
specimens from widely distributed localities. 

The variability of gibbons has also been studied by means of the 
numbers of vertebrae in the different spinal regions. The cervical ver- 
tebrae vary numerically in rare instances only. Among 314 gibbons 3 
possess only 6 cervical vertebrae and one has 8. The thoracic region 
is composed of 12, 13 or 14 segments, but increases in the modal number 
of 13 are several times more frequent than are decreases; the mode 
itself exists in 83% of the cases. Six, 7 or 8 pairs of ribs reach the ster- 
num directly, a fairly close correlation existing between the total num- 
ber of ribs and the number of sternal ribs. The number of lumbar 
vertebrae varies between 4 and 6, the latter extreme being much more 
common than the former. Five lumbar vertebrae are found in 76% of 
the cases. Gibbons possess anywhere from only 3 to as many as 6 sacral 
vertebrae, the modal number of 5 occurring in only 51% of the speci- 
mens. The exact position of the sacrum in relation to the hip bones 
varies to a remarkable extent and appears to be partly dependent upon 
the number of presacral segments. The coccygeal portion of the spine 
is the most variable one, this region having anywhere between 0 and 6 
vertebrae, the modal number of 3 existing in only 39% of the cases. 


The total number of vertebrae varies among gibbons between 30 and | 


36, 32 being found most frequently. According to all available evidence 
there prevails a hereditary trend for the occurrence of most of these 


AGE CHANGES AND VARIABILITY IN GIBBONS 119 


vertebral variations. The most frequent combination of regional varia- 
tions in the vertebral columns of gibbons is 7 cervical, 13 thoracic, 5 
lumbar, 5 sacral, and 3 coccygeal segments. This formula, however, is 
found in only 13% of the specimens and each of all other combinations 
is even less frequent. The statistical norm for the numbers of different 
vertebrae in man occurs in a far higher percentage of cases, i. e., the , 
human spine is very much more constant than is that of the gibbon. 

Bilateral variations, or asymmetries, have been studied chiefly on 
the long bones of the limbs and the clavicles. In the upper extremities 
of gibbons asymmetries favor the left side much more frequently than 
the right, but in the lower extremities, as well as in the clavicles, asym- 
metries favor both sides with similar frequency. The average degree 
of asymmetry is practically alike in the upper and the lower limbs and 
is highest in the clavicles. These new data supplement those recorded 
in a former study of asymmetries in chiefly the great apes and man 
and support the conclusions reached previously. 

In the gibbon, in lower catarrhines and in man the deciduous teeth 
erupt in the following order: middle incisors, lateral incisors, first 
molars, canines, and second molars. In all the great apes this sequence 
differs, inasmuch as the second molars appear before the canines. The 
permanent dentition of the gibbon has the following order of eruption: 
Lower first molars, upper first molars, lower and upper middle inci- 
sors, lower lateral incisors, upper lateral incisors, lower second molars, 
upper second molars, lower and upper first and second premolars in 
rapid and irregular succession, lower canines, upper canines and lower 
third molars, upper third molars. This sequence agrees very closely 
with that characteristic of great apes, but differs significantly from 
that found in recent man. 

The deciduous incisors of gibbons occlude with overbite in about two 
thirds the cases and meet edge to edge in one third of all specimens. 
Among adult gibbons overbite is found in 41% of the cases, edge to 
edge bite in 54% and underbite in the remaining 5%. Gibbons are ex- 
ceptional among catarrhines by having very large permanent canines 
in both sexes. On an average, however, the canines of males are signifi- 
eantly larger than those of females. 

The normal postnatal development of the gibbon skeleton is de- 
scribed in detail and compared, as far as possible at present, with the 
corresponding conditions in some other primates. The latter compari- 
sons, being of necessity incomplete and tentative, are not summarized 
here. The most significant age changes in the skeleton of gibbons are 
listed below: 
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The dorsal arches fuse with the vertebral bodies during infantile 
life. The costal elements of the first 2 (or 3) sacral vertebrae are sepa- 
rate until the end of the juvenile I period. Bony fusion between the 
ventral arch and the lateral portions of the atlas occurs early in the 
juvenile II period. Ossification in the epiphyseal plates of the verte- 
brae starts during the juvenile II period, but these epiphyses do not 
join the bodies until some time after the completion of the permanent 
dentition. Transverse foramina of the seventh cervical vertebra de- 
velop in only a minority of the cases. 

The sternum of gibbons ossifies in a most variable manner and is 
peculiar chiefly on account of the fact that in nearly all cases the part 
representing the two uppermost intercostal segments forms one single 
bone, derived most frequently from 1 center only. The corpus sterni 
develops from anywhere between 3 and 8 ossification centers which 
fuse in highly irregular fashion and at widely differing ages. The 
xyphoid process becomes normally ossified, remaining entirely cartila- 
ginous in very rare cases. It is quite commonly forked. 

The bony rami of ischium and pubis become united at the age of ap- 
pearance of the last milk teeth. The ilium and ischium begin their bony 
fusion toward the end of the juvenile II period. Ilium and pubis fuse 
at the time of eruption of the last permanent teeth and this is followed 
by the coalescence of ischium and pubis early in adult life. A separate 
acetabular bone exists in about half of all gibbons from the juvenile IT 
period. The bony rims of the ischial tuberosities do not fuse with the 
ischia until early in adult life and the epiphyses at the iliac crests be- 
come joined with the iliac blades even somewhat later. Synostosis of 
the pubic symphysis occurs with increasing frequency during the later 
stages of adulthood and is very common in old males. 

The sternal epiphyses of the clavicles close usually not until the 
teeth have become moderately worn. The ossification center for the 
coracoid process appears about the time of birth. This process loses 
its separate existence toward the close of the juvenile period. The ac- 
romion and vertebral border of the scapula remain cartilaginous until 
late in juvenile life and the lower angle of the shoulder blade often is 
still incompletely ossified in adults with considerable wear of the teeth. 

All primary ossification centers of the limbs have appeared at birth, 
except those for some of the tarsal and carpal elements and that for 
the patella. Newborn gibbons possess already a varying number of the 
secondary, or epiphyseal, centers, being slightly more advanced in this 
respect than newborn man. The order of appearance of the post- 
natal secondary ossification centers could be established only tenta- 


AGE CHANGES AND VARIABILITY IN GIBBONS 121 


_ tively. The period of bony fusion between the epiphyses and shafts of 
limb bones begins in the gibbon just after the age of eruption of the 
second permanent molars and extends far into adulthood. On a general 
average, these epiphyses close in the following order: Humerus, distal; 
medial epicondyle; ulna, proximal; small trochanter; radius, proximal; 
great trochanter; head of femun; phalanges; tibia, distal; fibula, dis- 
tal; metacarpals; metatarsals; fibula, proximal; tibia, proximal; femur, 
distal; radius, distal; ulna, distal; humerus, proximal. In a more con- 
densed manner it can be stated that epiphyseal union occurs generally 
first at the elbow, then at the hip, ankle, knee, wrist, and last at the 
shoulder. A supratrochlear foramen of the humerus does not develop 
until early in juvenile life and persists to adulthood in about 1 out of 
every 4 specimens. In old age the os centrale of the wrist tends to be- 
come fused with the naviculare. 

In the newborn gibbon the lambdoid and pteric fontanelles are com- 
pletely closed, but the bregmatic and asteric fontanelles are still wide 
open. The closure of the pteric fontanelles is accomplished by the sur- 
rounding cranial elements in a varying manner. In two thirds the cases 
the alisphenoid meets the parietal, in one fourth the cases the temporal 
meets the frontal (and occasionally also the zygomatic), and in the re- 
maining few specimens these conditions differ on the right and left 
sides. The mandibular symphysis becomes closed immediately after 
birth, at which time the temporo-mastoid sutures usually disappear. 
The metopic suture obliterates toward the end of the period of eruption 
of the deciduous teeth. This is followed by the gradual fusion between 
the different occipital elements which ends with the coalescence of the 
basioccipital and the lateral occipitals in the juvenile I period. The age 
of onset and the progress of obliteration of the facial part of the pre- 
maxillary sutures are very variable. These sutures disappear generally 
during the last phase of juvenile life and the beginning of adulthood. 
The internasal suture remains open to the age of completion of the 
second dentition. The nasal bones of all gibbons are extremely variable 
and can at times be entirely lacking. The sutures of the palate do not 
become closed until the dentition is moderately worn. The sutures of 
the brain case undergo obliteration some time after adulthood has been 
attained, the closure starting in general with the sagittal and basilary 
sutures, proceeding with the lambdoid suture, and ending with the 
coronal suture. The last of the larger sutures to close are the occipito- 
mastoid sutures. In specimens with comparatively small cranial capaci- 
ties the right and left temporal lines can meet on top and in extreme 
cases a midsagittal crest develops in males as well as in females. Dur- 
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ing old age the skull becomes much lighter due to senile artophy of the 
bones, a process which can affect also the ilium and the scapula. 

Having dealt with the normal development of the dentition and the 
skeleton in the gibbon, the occurrences of abnormal development will be 
briefly enumerated. Anomalies of the deciduous dentition are very 
rare in gibbons. In the second dentition, on the other hand, congenital 
defects are surprisingly common. One to 4 of the third molars have 
failed to develop in 4% of the Chiengmai gibbons and in over 2% of 
these specimens 1 or 2 of the incisors are congenitally lacking. Incom- 
plete twinning of a tooth exists in 4 gibbons and complete twinning, 
producing supernumerary teeth, in 7 cases. One gibbon possesses 
fourth molars on both sides of both jaws and in addition a small, up- 
per, left, fifth molar. Reductions in the normal number of teeth are 
nearly 4 times as frequent as are increases. In over 2% of all gibbons 
examined some deciduous teeth have been retained to adult hfe. Very 
pronounced crowding of teeth has been recorded for 7% of the speci- 
mens. Twisted and impacted teeth have also been noted in a consider- 
able number of cases. Congenital malformations of one sort or another 
exist in the dentitions of the gibbons from Chiengmai in 26% of the 
cases. 

The skeleton of gibbons frequently departs from its normal develop- 
ment. The outstanding abnormalities of the vertebrae and ribs are 
the following: In 1 specimen the atlas is incompletely separated from 
the occiput. Various forms of incomplete development of the atlas 
exist in nearly 9% of the Chiengmai gibbons and congenital fusion be- 
tween 2 or more cervical vertebrae occurs in over 2% of these speci- 
mens. Incomplete and even complete ribs, belonging to the seventh 
vertebra, exist in 5 gibbons and entire or partial suppression of the ribs 
from the eighth vertebra have been found in 4 gibbons, indicating an 
unusual instability of the border between the cervical and thoracic re- 
gions. In 2 specimens some of the thoracic vertebrae have developed 
in abnormal, asymmetrical fashion and in several additional specimens 
some of the ribs are incompletely formed. Aberrant development of 
the sternum is represented mainly by 2 cases of suprasternal ossicles 
and by 15 cases of congenital perforations in the corpus sterni and 
(once) in the manubrium. 

Of the many developmental defects in the extremities the following 
are specially noteworthy: One gibbon of the Angka series has the 
left upper limb undeveloped, except for the distal, stunted end of the 
upper arm. In another gibbon the right radius is incompletely formed. | 
In several additional specimens there exists abnormal, partial fusion 
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between radius and wna or between tibia and fibula. The digits of the 
feet and hands of gibbons are malformed with surprising frequency 
and in a great variety of manners. Among the 113 specimens of the 
Angka series alone there are 10 cases with supernumerary digits, 10 
cases with various degrees of congenital reductions of digits, and 4 
eases with abnormal fusion between bones of the digits. Altogether 
this series contains 18 specimens (—16%) with one or several marked 
digital defects in each. Many additional cases of congenital malforma- 
tions in the feet and hands of other primates are recorded and it ap- 
pears that anomalous digits are exceptionally common in Hylobates lar 
from northern Siam. 

In gibbon skulls the following deviations from normal development 
have been observed: The embryonic cranio-pharyngeal canal has re- 
mained open in 30% of adults. One or more of the different fontanelles 
have been closed with the aid of single or multiple fontanellar bones 
in nearly half of all specimens from Chiengmai. In all probability there 
exists a hereditary trend for the development of such supernumerary 
ossification centers. A divided parietal bone has been found in 1 gib- 
bon, divided zygomatic bones in three, and a divided occipital squama 
in still another specimen. The metopic suture has remained open in 
one adult gibbon and the coronal suture of one side has become closed 
abnormally early in 3 specimens which consequently have very asym- 
metrical skulls. 

In many instances an individual gibbon possesses several unrelated 
anomalies, thus showing a general instability in its development. One 
or more abnormalities in the skeleton and dentition alone could be 
recorded for nearly half of all the wild gibbons from Chiengmai. All 
these developmental disturbances occur also in modern man in practi- 
eally identical form, but with a much smaller total frequency. 

Pathological conditions in the teeth and bones of wild gibbons be- 
come steadily more numerous with advance in age and exposure to the 
hazards of living. The deciduous dentition was found to be entirely 
free of pathological changes. Carious cavities are absent in juveniles, 
but exist in about 1% of adults, with at most moderate wear of the teeth, 
and in 9% of the old animals. Alveolar abscesses appear in 17% of 
juveniles, affect 7.5% of adults and have developed in 38.5% of seniles. 
In the Chiengmai series alone these figures are higher in all age groups. 
In a total of 104 senile gibbons there are 55 with each at least one dis- 
eased tooth or alveolus. In many of the latter the dental apparatus had 
become nearly useless on account of extreme attrition, numerous ab- 


seesses and loss of teeth. 
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Among the pathological conditions in the skeleton of wild gibbons 


the symptoms of repair of former fractures are most common. The | 


incidence of healed fractures rises sharply with age. In the Chiengmai 


series fractures are absent among infants, but occur in over half of all ] 


old males. This series contains a total of 115 healed fractures. The lat- 


ter are found most commonly in the humerus and femur, but can occur | 


also in nearly all other skeletal parts, including the skull. Healed frac- 


tures are considerably more frequent in. males than in females. Of | 
other pathological changes in the skeleton the following are specially | 


noteworthy: Hypertrophy and atrophy of long limb bones in 7 speci- 
mens. Diseased joints occurring in one or both sterno-clavicular arti- 
culations in 11 cases, in the mandibular joints in 5 cases, in the hip in 
5 cases, in the shoulder in 5 cases, in the elbow in 4 cases, in one or sev- 
eral interphalangeal joints in at least 4 cases, in the knee in 3 cases, in 
the wrist in 1 case, and in the atlanto-occipital joint in 1 case. In 1 gib- 
bon humerus and ulna are ankylosed. Arthritic changes in the spinal 
column, leading in advanced cases to irregular bony union between 2 
or more vertebrae, exist in 13 specimens from Chiengmai. Among the 
38 senile gibbons of the latter series only 6 are entirely free of any 
signs of disease in their bones or teeth. 

It is not as much surprising to encounter these high percentages of 
wild apes with various pathological conditions, as it is to find that 
these animals succeed in surviving after having repaired as many as 7 
fractures or having suffered from numerous and crippling arthritic 
changes or multiple alveolar abscesses. Indeed, many of these apes 
had been afflicted with all these conditions in varying degrees, yet man- 
aged to live well nourished until shot. It is also mentioned here that 
nearly all the gibbons autopsied by the writer were heavily infected 
with filariid worms (Sandground, ’38) and many had intestinal para- | 
sites as well. 


This record of developmental defects and manifestations of disease. | 
in a population of wild apes in their native environment contradicts |} 
the customary assumptions of the prevalence of normality and health | 


in nature and of the great efficacy of natural selection. 
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NOTES 


NEW PROFESSOR OF ANTHROPOLOGY 


: Dr. Morris Steggerda, for some 15 years connected with the Carnegie Institu- 
tion’s Department of Genetics at Cold Spring Harbor, N. Y., has recently been 
appointed Professor of Anthropology at the Kennedy School of Missions, a divi- 
sion of The Hartford Seminary Foundation, from July 1, 1944. Arrangements 
have been made whereby one half of his time will be available for his researches. 
It is believed that such a major appointment in this field of an outstanding in- 
vestigator in physical and physiological anthropology is unique, at least in this 
country. The Carnegie Institution is participating in this arrangement. Since 
the missionaries from this school are assigned to, and from time to time return on 
furloughs from, such remote places as New Guinea, Assam, Nigeria and Central 
China, much new data on human genetics and various aspects of anthropology 
will undoubtedly become available through this new venture. 


C. B. DAavENPORT 


NEW INSTITUTE OF HUMAN GENTICS 


A new institution for the study and application of human genetics has been 
established at the University of Minnesota. This is the Dight Institute founded 
on funds left by a Dr. Charles Fremont Dight of Minneapolis who died in 1988. 
Dr. Dight was a graduate in medicine from the University of Michigan. He held 
various professorships of anatomy, physiology and chemistry in Syria and New 
Orleans and was a lecturer in pharmacology in the University of Minnesota 
Medical School. He was interested in socialization of medicine; took an active 
part in local polities and showed a principal interest in eugenics to whose develop- 
ment he, in the absence of children of his own, made principal legatee of his 
savings. The income from the endowment amounts now to about $4,500. The new 
Institute is under the direction of Dr. Clarence P. Oliver who is connected with 
the Department of Zoology of the University of Minnesota. 

C. B. DAVENPORT 


EXPLANATION OF TERMINOLOGY 


In my Demographic and Bodily Changes in Descendants of Mexican Immi- 
grants (1943, Institute of Latin-American Studies, University of Texas, Austin), 
is given information on occurrence of dental caries, namely, absent, slight, moder- 


ate, and pronounced categories (p. 51). Inadvertantly, the numerical meanings 


of the ‘‘moderate’”’ and ‘‘pronounced”’ classifications were omitted from the text 
p. 54). The term ‘‘moderate’’ refers to four to six teeth effected, (1.e., cavity, 
filling, or loss of tooth) and ‘‘pronounced”’ refers to seven or more teeth affected. 


Marcus 8S. GoLpDSTEIN 
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ey) NOTES 


OBITUARY 


Dr. J. MeKeen Cattell, a charter member of the American Association of 
Physical Anthropologists, died on Janury 20, 1944, at the age of 83. Besides be- 
ing the dean of American psychologists, Dr. Cattell was well known to anthro- 
pologists for his editorship of the journals Science, The Scientific Monthly, and 
the American Naturalist, and the biographical directories American Men of 
Science and Leaders in Education. 


Dr. C. B. Davenport, president of the American Association of Physical An- 
thropologists, died of pneumonia on February 18, 1944, at the hospital in Hun- 
tington, N. Y. A biography and analysis of his contributions to Physical Anthro- 
pology are being prepared by his laboratory colleague, Dr. Morris Steggerda, and 
will appear in a subsequent number of this Journal. 


THE STATUS OF TEACHING PHYSICAL ANTHROPOLOGY IN COLLEGES IN 
THE UNITED STATES DURING THE SCHOOL YEAR 1940-1941 


In June of 1941 the undersigned sent a questionnaire to 135 institutions to 
determine the status of teaching physical anthropology in the United States dur- 
ing the school year 1940-1941. The returns have been discussed in the January 
issue of the Journal of Higher Education. However, the full details are of in- 
terest primarily to physical anthropologists and for this reason are presented 
here. 

Tables 1 and 2 list the colleges to which questionnaires were sent. Fifty-one 
of the 114 colleges which answered the questionnaire offered Physical Anthro- 
pology as part of their curriculum; twenty-six of these taught Physical Anthro- 
pology as a separate course, and twenty-five taught the subject as part of another 
course, generally Cultural Anthropology. Twenty of the fiftv-one schools had 
separate departments called ‘‘ Anthropology’’; in eight, Physical Anthropology 
was taught in the Sociology department; in three schools, in the Zoology depart- 
ment ; in two, in the Geology, in one in the Biology, and in one in the Child Wel- 
fare department. Hight schools taught the subjects in a combination of depart- 
ments; for example, part was taught in the Sociology department, and the rest 
in the Anthropology department. Other such combinations were Sociology and 
History, Zoology and Geology, and Biology and Sociology. 

Table 1 also shows the number of courses in Physical Anthropology taught in 
each school, and the approximate number of students enrolled in these courses. 
Column 6 of table 1 shows the status of the courses, when the questionnaire was 
answered. Twenty-two schools showed an increase in the enrollment of students 
in Physical Anthropology, seventeen recorded no noteworthy change, and only 
one mentioned a decrease in enrollment. In six schools an expansion was con- 
templated in the teaching of this course. In columns 7, 8, and 9 are listed the 
courses presented in these schools which may be considered related to Physical 
Anthropology. 

Table 2 presents a list of the colleges receiving the questionnaire in which no 
Physical Anthropology is being taught. The table shows however which of the 
related subjects are taught. 

Earu W. Count, 
New York Medical Colleqe 
Morris STEGGERDA, 
Carnegie Institution of Washington 


TABLE 1 
Physical Anthropology as taught in the United States in the school year 1941-1942. 
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*Generally Cultural Anthropology. 

2 A — Anthropology; An — Anatomy; B— Biology; Ch. W.— Child Welfare; G— Geology; 
H — History; S — Sociology; Z— Zoology. 

* Increase = +; Decrease = —; No noteworthy change =v; Expansion contemplated = !, 


TABLE 2 


Colleges which received the questionnaire but in which no physical anthropology is taught. This 
table shows which of the related subjects are taught. 
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Table 2 — (continued) 
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53 Pittsburgh Univ. v Vv ‘*Some mention of P.A, 
anatomy course,’’ 

54 Pratt Institute v 

55 Princeton Univ. v Phys. anthrop. taught in 
general evolution cours 

56 Puerto Rico, Univ. of v Vv 
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59 Rutgers Univ. Vv Vv 
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64 S. Methodist Univ. Vv Vv v 
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79 Western Reserve Univ. v 
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ERRATUM 


In N.S. vol. 1, page 333, line 1 read ‘‘cemento-enamel’’ instead of ‘‘dento- 


enamel. 


LENGTH OF FIRST, TWELFTH, AND ACCESSORY RIBS 
IN AMERICAN WHITES AND NEGROES; THEIR 
RELATIONSHIP TO CERTAIN VERTE- 

BRAL VARIATIONS 


RAYMOND R. LANIER, JR. 
Department of Anatomy, Washington University School of Medicine, 
St. Louis, Missouri 


INTRODUCTION 


It has long been known that variations in the vertebral column most 
commonly occur at the extremities of the various regions. Rosenberg 
(1876, 1884) early noted the phylogenetic shortening of the rib-bearing 
segment of the vertebral column from its cranial and caudal ends, and 
concluded that diminutive ribs on vertebrae 8 and 19 were indicative 
of a ‘‘progressive’’ evolutionary tendency. Furthermore, he inter- 
preted large ribs on vertebrae 8 and 19 and ribs associated with ver- 
tebrae 7 and 20 to be ‘‘regressive’’ characteristics. Adolphi (’05) 
demonstrated that a decrease or an increase in the number of ribs at 
both ends of the thorax rarely occurs simultaneously in the same 
individual. He described skeletons with a reduction in the size and 
development of the first ribs, which he considered to be a tendency for 
displacement of the cervico-thoracic junction in a caudad direction. The 
same author further observed that in some of these columns other 
segmental boundaries were affected by morphological variations such 
as the presence of lumbar ribs and the lumbarization of the first sacral 
vertebra. Whenever these multiple variations occurred Adolphi noted 
that they tended to shift the segmental borders concerned in a uniform 
direction from their normal level. Other columns were described which 
presented a reduction of the size or number of ribs at the caudal ex- 
tremity of the thoracic region; additional variations also associated 
with shifting of the segmental borders in a cranialward direction were 
noted in these columns. The tendency for one segment to shift cranial- 
ward and another segment to shift caudalward was believed to occur 
very rarely in the same individual. These observations led Adolphi 
to support Rosenberg’s hypothesis that the human thorax is being 
reduced in evolutionary sequence by loss of ribs from both cervical and 
lumbar extremities. 
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Kiihne (’32, °34, °36) using roentgenograms to study the vertebral 


columns of families and of identical and fraternal twins demonstrated | 


that the tendency of the segmental borders to shift cranially in some 
persons and caudally in others is inherited; whereas, specific variations, 
such as cervical or lumbar ribs, are not inherited. Kiihne, and Fischer 
(’33) explained the inheritance of this tendency to shift on the hypothe- 
sis of a single pair of allelomorphs; the cranial tendency was dominant 
over the caudal tendency. However, experimental studies at Brown 
University by Sawin (’37) and Green (’39) on the inheritance of rib 
and vertebral variations in the rabbit gave results which these in- 
vestigators were not able to reconcile with a single pair of Mendelian 
factors but they did demonstrate hereditary influences which could 
be modified by selective breeding. 

Adolphi (’00) had stated that the first and twelfth ribs are of approxi- 
mately equal length in the ‘‘normal’’ individual. Fischer and Kiihne 
accepted this and believed that such uniformity might be accounted for 
by the presence of genes for cranial and caudal shifting in approxi- 
mately balanced quantities. Kiuhne therefore classified his material 
as either cranial-shifting, caudal-shifting, or indeterminate according 
to several morphological characteristics, among them the relative 
lengths of the first and twelfth ribs. For example, a column with large 


first ribs and small twelfth ribs was said to have a cranial-shifting ten- J 


dency, and one with small first ribs and large twelfth ribs, a caudal- | 
shifting tendency. It was while trying to classify the racial material 
in the Terry Skeletal Collection by these methods that interest fell upon 
rib lengths. In order to evaluate subjective opinion, the first and 
twelfth as well as the occasional cervical and lumbar ribs were meas- 
ured. 

Little attention has been paid to ribs. Only isolated figures on few 
specimens are to be found in the records. In the English text-books of 


anatomy it is generally stated merely that the first rib is the shortest | 


of the series with the occasional exception of the twelfth. No figures 
on rib size were found except in Morris’ American text-book where 
Prof. R. J. Terry (’42) stated a range from 3 to 20 cm. for the length 
of the twelfth rib. Anderson (1884) published figures of transverse J 
diameters of human ribs, and Adolphi (’05) included the average 1 
lengths of the twelfth ribs of eighty-three cadavers from St. Petersburg ] 
in his study of the thorax and vertebral column. Kikitsu (’31-’33, 34) ff 
and Hibi (’34) measured ribs of Japanese. 1 | 

This paper presents (1) a study of the length of the first, twelfth, | | 
and accessory ribs in American Whites and Negroes, and (2) the | 
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relationship of rib length to the hereditary tendency of the vertebral 
column junctions to shift as described by Kiihne. 


MATERIAL AND METHODS 


Ribs and vertebrae from 559 adult skeletons chosen at random from 
the Terry Skeletal Collection of this Department comprise the material. 
The skeletons are divided according to race and sex as follows: White 
males, 132; White females, 101; Negro males, 218; and Negro females, 
108. Table 1 reveals the age of the material used. 

The Whites are older than the Negroes; this difference extends 
through the entire Terry Collection and is characteristic of the dissect- 
ing room material in this area. The racial composition and sources 
of this collection have been discussed by Terry (’43). The method of 
preparation of the specimens has been described by Terry (’32) and 
Lanier (’40). 


TABLE 1 


Age in years of the skeletal material according to race and sez. 


| \ 
| STANDARD COEFFICIENT 


| 
| NO. MEAN | Ra TAIKTON | OF VARIATION 
| | 
WwM | 132 (an 225 Ser el wae ea 0.70 19.5 +1.2 
Wr | 101 | 63.4 +1.6 | 15.6411 | 24.7 + 1.7 
NM 218 | 50.0 +11 15.9 + 0.8 | 31.8 + 1.5 
NF | 108 | 47,741.66 | 17.0 +1.2 35.7 + 2.4 


The ribs were measured according to the technique of Martin (’28): 
the length of the concave inner surface from the sternal end to the 
most distal point of the capitulum, taken with a steel tape. Ossified 
portions of the sternocostal cartilage or cartilaginous tips of ribs were 
not included. Accessory ribs were measured in the same way. 

The vertebral columns were classified as cranial-shifting, caudal- 
shifting, neutral and in rare cases as both cranial and caudal-shifting 
according to the morphological conditions present at the extremities of 
the segments. Kiihne’s criteria (’36, pp. 16-20) were followed closely 
in making this subjective classification. For example, vertebral col- 
umns having one or more of the following selected traits exhibit the 
cranial-shifting tendency: free ribs on vertebra 7, large costal elements 
of the transverse processes of vertebra 7, rudimentary ribs on vertebra 
19, ribs lacking on vertebra 19, partial or complete sacralization of 
vertebra 24, partial or complete caudalization of vertebra 29. Selected 
characteristics from the list of those expressing the caudal tendency 
are: rudimentary transverse and costal elements on vertebra 7, rudi- 
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mentary ribs on vertebra 8, long, well developed ribs on vertebra 19, ff 
free ribs on vertebra 20, partial or complete lumbarization of vertebra - 
25, partial or complete sacralization of vertebra 30. Neutral or ‘‘nor- 
mal’? columns show no morphological conditions by which they may be | 
classified. Columns which show changes of both categories are rarities | 
and are unexplained. Kiihne’s use of a ‘‘rib index’’, as obtained from 
the roentgenogram, was not followed. In this study the ribs were. 
measured as a procedure separate from classifying the column. | 
The mean rib lengths and other statistical variables were calculated | 
for race, sex, side, and type of shifting. The relationship of the lengths - 
of the first and twelfth ribs was observed by determining the coefficient 
of correlation according to methods first described by Pearson as pre- 


sented by Garrett (735). 


OBSERVATIONS 


Length. Data for the length of the first and twelfth ribs of the stocks, 
sexes, and sides are presented in table 2. 


TABLE 2 


Length in millimeters of ribs, according to race, sex, and side. 


| 
i | 


First ribs 
| 
RIGHT | LEFT 
Standard Coefficient | Ss ient 
No. Mean deviation of aria a No. Mean Senees ot ee 
WM 124) 91.7+0.6 6.4+ 0.4 7.0+04 |126; 915+ 0.6 6.5 + 0.4 Tal 074 | 
We Soil SO: (aati! O.7 22027 10.8 + 0.8 OI) <89.2, se) 045-028 162029 
NM /206/ 90.2 + 0.6 Ose O14 TOA =e 0:5 | 202 89.8 + 0.6 90+ 0.4 AO IL eas (0)-155 
INGE | MOS SSio == 107 7.4 + 0.5 8.6 + 0.6 | 10 85.4 + 0.8 Cal =O 5 9.1 2076 
= | = Sona ae ts aoe i i 
| Twelfth ribs 
WME) 106) LO8ID =273 50) PSO S222) 1) 1295 S220 MS eS eeSa leo ete On0) Tat S258 
WE! 70) 885+ 4.2) 35.0 + 3.0 39.6 + 3.3 T5)|| 88850 ==3. 9a eooca steno 37.7 + 3.1 | 
IN M9 Gi G22, ON 28.2 ee 25,8 = 1.3) 1204)) 110.4 =e 1.9) | 27.2 Sa k3 24.7 + 1.2 
NF |100| 96.4 2.5 | 25.1 = 1.8 26.0 += 1.8 97| 946+2.6| 261419 | 276+ 2.0 


These data reveal the remarkable symmetry in the length of the 
right and left ribs. Since the difference between the means of the two ff 
sides in any given category is not significant statistically (i.e. the 
difference never exceeds three times the standard error), sides are com-. | 
bined in table 3 in order to compare the races and sexes. 

The first ribs of White males and females, and of Negro males are 
approximately the same length. The difference between any two of 


{ 
| 
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these means is less than three times the standard error of the dif- 
ference. Negro females, however, have shorter first ribs than the other 
groups and in each case the difference is statistically significant. 

The twelfth ribs present a significant difference in length between 
the sexes of both races, the females having shorter ribs than the males. 

The twelfth ribs of Negro males are longest and those of White females 
| the shortest. The difference between these two means is more than 
_ seven times its standard error (22.5 + 3.1). The difference between 
_ the lengths of the twelfth ribs of White and Negro males is insignificant, 

as is that between White and Negro females. 


TABLE 3 


Length in millimeters of first and twelfth ribs, sides combined. 


FIRST RIBS TWELFTH RIBS 
| | Standard | Coefficient Standard Coefficient 
| andar oefficient andar ‘oefficien 
No. Mean deviation of variation || N° Mean deviation of variation 


| 
WM}! 250} 91.6 + 0.4 G4 20:39) 720/2510:3 220 ||| NO7em ae 221 SS 018e 1s | oS een! 


Wietia 1761/8900 )0:8) | LORIE 0159) 1152) =1026) || 145i) 988.5 327289842 =e 20) 3816 23 


90.7404) 8240.3 9.0+0.3 1366) 100.9+1.7 |) 33.021.2 | 32.6 += 1.2 


NM | 408| 90.0+0.4 | 9.1+0.3 | 101+0.4 /400/111.0+1.4| 275+1.0 | 248+0.9 
NF | 206| 854+05] 75404) 8840.4 ]195| 955418] 256413 | 268+1.3 


4 
He 
bo 
a 


N | 614] 88.5 + 0.4 88+0.3 | 10.0+0.3 |595|105.8+1.2 | 281+0.8 | 266+0.8 


WE&EN|1040| 89.4+0.3 | 8.7+0.2 9.7+0.2 |961| 103.9+1.0! 30.1+0.7 | 29.0+0.7 


Racial comparison is presented in table 3 by disregarding sex. The 
Whites possess longer first and the Negroes longer twelfth ribs; of 
these differences only that of the first ribs has statistical validity. 

The mean lengths of the entire series of first and twelfth ribs (irre- 
spective of race, sex or side) is also given in table 3. The difference 
between the means of the first and twelfth ribs is 14.5 + 1.04, which 
more than excludes the chance factor. 

Variability in length of ribs is shown by the standard deviations 
and the coefficients of variation in tables 2 and 3. White males and 
Negro females do not differ significantly from each other in variability 
of the first ribs, but they differ significantly from White females and 
Negro males by having less variable lengths of first ribs. The lengths 
of the twelfth ribs vary considerably more than the first in all groups 
and by amounts exceeding the chance factor. Among twelfth ribs those 
of Negro females vary least and White females most. The difference 
here is statistically significant, and also, by a narrow margin, is that 
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between White females and Negro males. In comparing variability in J 
length of the first and the twelfth ribs of the Whites with the Negroes J 
no difference is apparent between first ribs; there is a significantly | 
greater variation in the length of twelfth ribs of Whites. 

Correlation. In order to determine the relationship between rib J 
length and the tendency of segmental regions of the vertebral column 
to shift it was first necessary to classify the columns as cranial-shifting, 
caudal-shifting, neutral, or both cranial and caudal-shifting. The per- f 
centage incidence of these types is given in table 4. 


TABLE 4 


Direction of tendency to shift at segmental borders of the vertebral 
column according to race and sex. 


CRANIAL AND 
CRANIAL CAUDAL NEUTRAL | CAUDAL TOTAL 

| No. % No. % | No. % | No. % No. % 

| | } 
WM | 58 489°) 65 417 18 T1576 Ne 0.8 132 100.0 
WF 51 «450.5 Sp ead oll ae 1728) 0 0.0 101 100.0 
NM CON 41s 90 41.3 35 16.0 3 1.4 | 218 100.0 
NF 62 574 34e Sika eo 92 | 2 1.9 108 100.0 

| | 

Total | 261 46.7 | 211 937.7 | 81 14.5 6 1] 559 100.0 


The greatest differences are between the sexes. White and Negro 
males approximate each other closely; the difference between White 
and Negro females is notable only in the cranial-shifting and neutral 
groups. Since all of the discrepancies fail to exceed the statistical 
probabilities of chance it may be assumed that no difference in the 
hereditary tendencies to vary exists between American Whites and 
Negroes. 

The lengths of the first and twelfth ribs were compared next in the 
cranial-shifting, caudal-shifting, and neutral categories. (The number) 
in the group showing both cranial and caudal tendencies is too small 
for statistical analysis and is not included.) These data are in table 5. 


TABLE 5 


Length in millimeters of first and twelfth ribs in cranial-shifting, caudal- 
shifting, and neutral columns. 


FIRST RIBS TWELFTH RIBS 


Mi. | iMaenss | Standard | Coefficient , NO Meant 


| 
| nda cient , | Standard | Coefficient 
| deviation of variation : | 


deviation of variation 


Cranial | 487 | 911404) 9440.3 |10.3+40.3]436) 850414) 290+1.0 | 341+12 
Caudal | 392 | 87.7404) 7.0+03 | 8040.3] 370} 1240411) 205+0.8 | 165+0.6 
Neutral | 148 | 874+0.6| 7.2404 | 82+0.51143/1070+16' 189+1.1 | L762 108 | 
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First ribs of cranial-shifting columns are longer than those of either 
caudal-shifting or of neutral columns by amounts more than three 
times the standard errors of the differences between the means. The 
first ribs of the latter two groups are of the same approximate length. 
The twelfth ribs of these three groups differ in length in each case by 
statistically valid amounts. The twelfth ribs of cranial-shifting columns 
are shortest and those of caudal-shifting columns the longest. 

The coefficient of correlation (1) between the total number of first 
and twelfth ribs (938) was calculated: r—— .34+ .03. The small 
value obtained for the regression probably indicates an insignificant 


relationship. 
TABLE 7 


Incidence and range in length (millimeters) of accessory ribs 
according to race and sex. 


CERVICAL RIBS LUMBAR RIBS 
proletons | Sesenae 
it | wit 
| No. cervical ribs Me. of | Ravee jurabar sibs No of anes 
| ribs ] ribs 
No. 1) % | | No. | % 
WM 132 Pera Ne oS teekere 8 | el 15 16-53 
WE 101 4 | 4.0 6 36-71 2 2.0 4 36-43 
NM | 218 1 | 0:5 2 | 63-76 Pee 12h4 eT, 6-113 
NF | 108 1 | 0.9 2 42-72 ie | iahail 22 15-73 
—— - | 
Total 559 Ue rliay Bap wg sK 36-76 Apu ily eo So aa acids 


The number of cervical and lumbar ribs in the present series is too 
small for detailed statistical consideration. Their incidence and range 
in length is given in table 7. 

Lumbar ribs occur in 8.8% of 559 cases; most often they are bilateral 


_ as are cervical ribs which were found in 1.1% of the subjects. 


DISCUSSION 


The preceding observations have demonstrated certain racial and 
sex differences between the lengths of first and twelfth ribs of American 
Whites and Negroes. The greater Variation in the length of twelfth 


- ribs than in length of first ribs has also been shown. That the lumbar 


end of the thoracic region of the vertebral column is more variable than 
the cervical junction is also illustrated by the frequent absence of 


. twelfth ribs (3.6% in 559 cases of the present study) compared with 


first ribs. The latter were present in ail cases. The appearance of lum- 
bar ribs is another example of the state of flux in that region (8.8% 
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in 559 cases). Cervical ribs are found less frequently. In this study J 
there were 1.1% in 559 subjects; Todd (712) found cervical ribs in| 
1.16% of 260 cases. | 

If the Rosenberg hypothesis is accepted, one might conclude from 
the above data that American Negroes are more ‘‘progressive’’ than 
American Whites in the tendency for reduction in the size of ribs at 
the cervico-thoracic region. On the other hand if variation is consid- ff 
ered to be an index of the activity of evolutionary processes, the twelfth | 
ribs of Whites are more labile than those of Negroes. However the 
difference between the length of twelfth ribs of Negroes and Whites 
in this study is not statistically significant. 

It was axiomatic with Kiihne (after Adolphi) that the length of the 
twelfth rib is inversely proportional to the length of the first (736, 
pp. 10-11) in columns showing the tendency to shift segmental borders. |ff 
In the ‘‘normal’’ column where no tendency to shift may be found 
the first and twelfth ribs were said to approach the same length. In 
the present series the mean lengths of the first and twelfth ribs are 
approximately the same only in the case of White females; in all other 
groups the twelfth ribs are significantly longer than the first including | 
the group of neutral columns. | 

The negative linear correlation between the length of first and twelfth 
ribs while smal] is ten times its standard error and tends therefore] 
to confirm Adolphi and Ktihne. However, trying to predict the length 
of twelfth ribs by inspecting the first and vice versa was concluded 
to be an unreliable procedure; this conclusion is substantiated by the 
small correlation values. The accurracy with which a vertebral coal 
may be classified as cranial-shifting, caudal-shifting, or neutral using} 
the lengths of first and twelfth ribs without consideration of other} 
morphological characteristics in the column is questionable. There) 
is a range of variation in the lengths of these ribs which is almost§ 
certainly insignificant. I | 

It was found that 84.4% of the columns in the present study showed 
evidence of a tendency to shift the segmental borders (46.7% cranial, 
37.7% caudal). By use of all criteria including rib length Kiihne was! 
able to classify as cranial or caudal-shifting 92.7% of the 327 cases he § 
had studied ; 7.3% were neutral. There were 58.5% cranial-shifting and. 
34.2% caudal-shifting columns among Germans in Berlin. 

It should be noted that a small percentage of vertebral columns | 
(1.1% ) in this study was found to have morphological variants which in-, | 
dicate a simultaneous cranial and caudal-shifting tendency. Fischer 
(733) reported 2 in 1000 cases; Steiniger (’38) summarized the litera- 
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ture finding nine cases. There is no satisfactory explanation for these 
exceptions. 
CONCLUSIONS 


The chief findings of this survey of the length of first, twelfth, and 
accessory ribs in American Whites and Negroes, and of the relationship 
between rib length and the inherited tendencies of the segmental 
borders of the vertebral column to shift are as follows: 

1. The first ribs of Whites are longer than those of Negroes. The 
first ribs of White males, Negro males and White females are longer 
than those of Negro females; there is no difference in length of first 
ribs in the first three groups. There is no difference in variability in 
length of first ribs between the races; first ribs of White females and 
Negro males vary more in length than those of White males and Negro 
females. 

2. There is no racial difference in length of twelfth ribs. Twelfth 
ribs of males are longer than those of females. Twelfth ribs are longer 
than first ribs in White males, Negro males, and Negro females. Twelfth 
and first ribs are of equal length only in White females. Twelfth ribs 
vary in length more than first ribs, and in Whites more than in Negroes. 

3. Cranial-shifting columns have longer first ribs and shorter twelfth 
ribs than caudal-shifting and neutral columns. Caudal-shifting col- 
umns have the longest twelfth ribs. 

4. There is no difference in the occurrence of the vertebral types as 
described by Kiihne in American Whites and Negroes. 

5. The length of the first ribs cannot be predicted from the length 
of the twelfth ribs, and vice versa. 

6. The incidence of cervical ribs is 1.1% and lumbar ribs 8.8% 
in 559 subjects. 
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_ ABSENCE OF CORRELATION IN NEW ZEALAND BETWEEN 


BLOOD GROUPS AND DENTAL DECAY, ALLERGY, 
AND CERTAIN CHARACTER TRAITS 


Joy JEVEOUbI Mes 
New Zealand Medical Corps 


Blood grouping, of all the existing anthropological classifications, 


| seems to be the only one based on purely genetic principles. Any 


relationship therefore, which could be established between blood groups 
and any other factors, would be of great importance. This has not 
been possible. As Julian Huxley puts it, ‘‘Genes originally associated 
have become unstuck by crossing and recombination”’ (Huxley and 


_ Haddon, ’35). A number of workers have tested for correlation be- 


tween blood groups and other characteristics, finding either little cor- 


| relation (Coon, 731; Corvin, ’38; Grigorowa, ’31; Meyer, ’31; Sell, ’30) 


or no correlation (Boyd and Boyd, ’37; Geipel, ’35; Howells, ’33; Ihara 
and Yanagihashi, ’29; Richter, 40; Steffan, ’28). The present war 
afforded me an opportunity to investigate the question further. 

Just before their blood grouping was done, 1640 New Zealand sol- 
diers were given a questionnaire on personal history. The purpose 
of the investigation was explained to the group and after each man 
had filled in his paper he discussed it with the doctor. Care was taken 
that no discussion took place between the men before they had an- 
swered the questions. The sample investigated was taken from many 


different units and age groups and was without preselection of any 
description. The size of the sample is three times the minimum rep- 


resentative number laid down by Allison Davis (Davis, ’35). 

The sample consisted of 46.0% (754) group ‘‘O’’; 41.3% (677) 
group ‘‘A’’; 9.6% (158) group ‘‘B’’, and 3.1% (51) group ‘‘AB”’. This 
corresponds to the usual blood groups in this country, judging from 


the analysis of the blood banks. 


The sample was tested for correlation between blood group and den- 


tal decay, medical grading, allergic manifestations, and personality 


traits (Bernreuter, ’31; questions 28 — changed, 51, 88, 101) and no 
correlation was found. 
1Condensed and revised hy William C. Boyd at the request of the Editor. 
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DISCUSSION 


Haldane’s summary of the blood groups of half a million persons ff 
(Haldane, ’40) in Europe shows significant variations according to | 
geographical distributions. It has been proved that factors like hair 
color and texture, skull and general measurements, skin color and other J 
physical characteristics show preponderances in certain races, but 
none has ever been found to be linked up with the blood group. ‘On the 
other hand, combinations of these characteristics are often found, 
i.e., black straight hair and a marked epicanthic fold in certain Mon- 
golian races. This investigation has failed to prove any connection 
between the blood group and other factors, but as stated in a leading 
article in the British Medical Journal (’42) ‘‘At the present time very § 
large numbers of blood donors are being enrolled in connection with | 
the various blood transfusion services, and it may be confidently an- 
ticipated that a study of the figures will yield important, and it may ff 
be unexpected, results.”’ 

However, it should be recalled that ‘‘‘ ...in (a) population suf 
ciently free from recent mixture to be in genetic equilibrium, no cor- | 
relation is to be expected between the distributions of two characters, | 
unless they are caused by, or affected by, the same gene.’ (The effect | 
of linkage would in general be eventually masked by the effects | 
of crossing over.)’’ (Boyd, ’40, p. 350). 


SUMMARY 


Blood groups have been related to medical grading, dental decay, 
and type of personality in a group of 1640 New Zealand soldiers withs 
out finding any significant correlation. 


I wish to thank the Director General New Zealand Medical Services. 
for permission to publish these notes. 
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STUDIES IN THE PHYSICAL DEVELOPMENT OF NEGROES 


IV. ONSET OF PUBERTY 


NICHOLAS MICHELSON 
Department of Anthropology, Columbia University, New York 


ONE FIGURE 


INTRODUCTION 


For obvious reasons the study of puberty had to be confined to 
observations on females. 

Though the main purpose of the present study was to determine the 
time at sexual maturity in Negroes, data on an other race were needed 
in order to interpret the Negro material. Therefore, Whites were 
included in the investigation. 

The data on Negroes were collected from 1935 to 1940 at the follow- 
ing places, all in or near New York City: St. Benedict’s Home, Rye, 
New York; Colored Orphan Asylum, Riverdale, New York; clinics of 
Harlem Hospital and also of Harlem Health Center; Harriet Beecher 
Stowe Junior High School; Y.W.C.A., Urban League and Girl Scouts; 
Sunday Schools in Harlem. Visits to Negro homes supplemented the 
survey. Of this material only that from Riverdale Orphanage repre- 
sents consecutive observations. 

The data on Whites were collected in 1938 in the Abraham Lincoln 
High School, Brooklyn, New York, and represent single observations. 
To these I have added older consecutive observations on Whites ob- 
tained by Franz Boas (’32) from the Horace Mann School and Hebrew 
Orphan Asylum, both of New York City. However, I have re-arranged 
his data in accordance with my classificatory system. In this procedure 
the original records were used. 

Information on the time at sexual maturity was considered adequate 
only if the interviewed person could remember the month during which 
her first menstruation occurred. Many girls knew the week or the day, 
so that their age at puberty could be determined. The Colored Orphan 
Asylum, Riverdale-On-Hudson, N. Y., furnished records containing 
entries made on the day on which puberty set in. All other data have 
an error not exceeding 1 month. Every person underwent a cross- 
examination by myself and a female or male assistant. The subject’s 
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date of birth was checked and she had to give her reasons why she 


remembered the calendar day, the week or the month on which she | 
entered womanhood. This scrutiny accounts for the fact that out of ] 
about 7000 individuals questioned but half that number could supply | 


satisfactory information. 


The youngest age group interviewed was 11 years old. However, ff) 


among this particular group were so few who had entered puberty 
that their number can be neglected in a statistical summary. 

The study of these data offers answers to certain specific questions, 
namely, 

1. How does the age at sexual maturation of Whites and Negroes 
compare when corresponding socio-economic strata are investigated? 

2. Is the onset of puberty influenced by race or climate per se? 

3. Is there a secular acceleration in maturity among Negroes similar 
to such a phenomenon noted among Whites? ? 

4, How is the onset of puberty related to the premenarcheal accelera- 
tion in growth of the general Negro population? 

In view of the interrelation of factors determining the age at puberty, 
these basic themes recur in the various sections of the present report, 
one consideration being weighed against another; all of them finally 
leading up to the problem of environment versus heredity. 


CLASSIFICATORY METHOD 


In order to avoid the errors due to the fact that many of the younger 
children become mature later than indicated by the age of observation, 
or —in the case of continuous observation — of last observation, the 
material was separated according to the age of the individual at the 
time of inquiry. As might be expected, such a statistical consideration 
which heeds the age of the informant, reveals that the average age at 
puberty changes with the age composition of the group: the older the 
age group is at the moment of investigation the higher will be the 
figure expressing the average year of maturity for that age group. 


I have tabulated single observations by arranging them according | 


to their ages at the time of observation, and consecutive observations 


according to their ages at the time when they passed out of the series _ | 


of those who were observed continuously. The values given in table 1 


represent the averages for the total material as calculated on the basis — | 


of this procedure. 


‘A preliminary report of my findings on secular acceleration in the onset of puberty among 


Whites (1930 to 1938) was published by Boas (’41). 
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Since the present paper was conceived as a comparative racial study, 


| as pointed out in the introduction, the values derived from Whites 


which form the basis for comparison will be discussed first. The data 


_ on Whites are presented in table 2 and those on Negroes in table 3. 


At the bottom of each column of table 2 and 3 the reader will find next 
to the average age of maturity the standard deviation for the respective 


_ racial or socio-economic group. These total averages can be used as 


comparable figures for the separate strata of population, both Whites 
and Negroes. It must be emphasized that the uncorrected total averages 
correspond to the data as usually given in which the age of the in- 
formants at the time of observation is not specified. As has been shown, 
however, the correction for age of observation is necessary because 
when the observations include many young girls, all those with late 
maturity are excluded. 


TABLE 1 


Puberty data of combined Whites and Negroes (3846 cases) with correction for 
age groups under 16 years. 


AGE AT TIMB OF NUMBER OF CASES SMPAN AGB AT ONSET OF CORRROTION 
12 to 12.9 107 OT + 1.27 
13 to 13.9 438 12.47 + .77 
14 to 14.9 852 12.84 + .40 
15 to 15.9 761 13.04 + .20 
16 and over 1688 13.24 | 0 


Table 2 includes averages of puberty dates for 527 cases collected 
by Franz Boas about the year 1930 (Boas, 32, ’33). The new material 
(3319 cases) collected by the author about the year 1938 occupies the 


remainder of table 2 and all of table 3. Of the total of 3946 cases 


2449 are Whites and 1397 Negroes. 


THE ONSET OF PUBERTY IN WHITES 


The records of the Horace Mann School (table 2) show that there 
is no difference in menarche between non-Hebrew (13.09 + 1.3) and 
Hebrew girls (13.08 + 1.2) of the same social class (corrected: 13.28 
versus 13.21). This has been pointed out repeatedly by Boas (’40). 
One must keep in mind that these figures are based on material 
assembled 8 years prior to that obtained by the writer. This fact is 
important on account of secular changes in maturity to be discussed 
later. 
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The values for the Hebrew Orphan Asylum were also obtained by 
Boas about the year 1930. This Jewish group has a higher average age 
of maturity than the better-to-do Jewish (and gentile) children of 
the Horace Mann School, namely, 13.44 + 1.2 (corrected: 13.62). The 
poorer socio-economic status of the orphan children explains their 
later development. Here is an example of a different mean age of 
puberty among two groups of similar descent caused by a different 
income level, i.e., environmental factors. 

The similarity of values obtained in the Horace Mann School for 
non-Jewish and Jewish girls has its analogy in the results arrived at 
in the Abraham Lincoln High School. The latter material represents 
native descendants of Hebrew and Italian immigrants. The average 
age at maturity for the Hebrews is 12.85 + 1.04, and for the Italians 
12.93 + 1.07 (corrected: 13.08 versus 13.11). Again we find no marked 
racial difference for a population having a similar socio-economic 
background. 

Since all the Jewish series are comparable on racial grounds and 
since the different values for the Jewish girls of the Horace Mann 
School and of the Hebrew Orphan Asylum have been attributed to socio- 
economic factors, there arises the question of why the Abraham Lincoln 
High School girls had an earlier average age at puberty than those 
of the Horace Mann School. As a matter of fact the students of the 
Horace Mann School are children of wealthier homes than those attend- 
ing the Abraham Lincoln High School, which is a public school. Why 
then do the girls of the Abraham Lincoln High School, being an eco- 
nomically less privileged group than those of the Horace Mann School, 
show an earlier maturity than the former? 

The answer to this question is to be looked for in the time interval 
between the two surveys. The study at the Abraham Lincoln High 
School was completed about 8 years later than that in the Horace 
Mann School. During this period the tempo of growth has been 
accelerated in the population of New York and puberty has set in 
earlier. This secular change in the rate of development is also borne 
out by total averages: the mean value for all white girls studied in 
1930 is 13.21 + 1.26 (corrected: 13.38), whereas for all the white girls 
investigated in 1938 it is 12.86 + 1.04 (corrected: 13.08). 


THE ONSET OF PUBERTY IN NEGROES 


Data from the Colored Orphanage, Riverdale-On-Hudson, were ob- 
tained between the years 1935 and 1940. The mean age of maturity 
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is 13.07 + 1.1 (corrected: 13.46). This value resembles? the averages } 
of the white children obtained at the Horace Mann School 10 years ff 


earlier. The Negro orphans, though being a sheltered group, are from 


a very poor stock as compared with the white children attending a 
private school. How do we explain this almost identical puberty age? — 


Comparative growth curves have shown that the time of adolescence 
and of the period of maximum rate of growth practically coincide 
among both races in New York, if they are under similar environmental 


influences, and that under these conditions the averages of the time of ff 


maturity coincide. The premise of the same environmental influences, 
however, is not present for the Horace Mann children and the children 
of the Colored Orphan Asylum. It is, therefore, safe to assume that 
the latter, having been studied about 8 years later than the Horace 
Mann children, display a secular acceleration of maturity.* This in- 
terpretation becomes still more convincing on examining the other data 
on Negro girls investigated about 1938. 

Though the information for the poorer class was obtained from girls 
attending a public school and women attending dispensaries, one must 
not, a priori, assume that we are dealing with a population belonging 
to the same socio-economic status. Those raised in the South of the 
United States (by ‘‘South’’ I mean the states located south of Wash- 
ington, D. C.) lived under more unfavorable circumstances than those 
who grew up in the North where welfare agencies could provide for 
the poor to a greater extent. Furthermore, the series from the North 
is mainly an urban population while that from the South is pre- 
dominantly country folk. The Negroes from the West Indies and the 
Virgin Islands live under the worst conditions from the point of view 
of nutrition. 

Those Negresses who entered womanhood in the South have a later 
puberty (13.68 + 1.40) than those born and grown up in the North 


(12.94 + 1.10, uncorrected, and 13.35, corrected).* Those who reached | 


maturity in the West Indies have the latest average puberty.age (13.99). 

The series for the Negresses from the West Indies is, unfortunately, 
very much snaller numerically than the others and contains both the 
poor and better-to-do-class. Nevertheless, the differences between the 


ages at puberty are so marked that the maximal maturity age for the 


West Indies is likely to be significant. As a matter of fact, of the forty- 


*The corrected value for the Negro orphan children is greater than that of the Horace 
Mann series. 


* This can be substantiated by investigations made two and a half decades ago. The girls | | 
of the Riverdale Orphanage matured at the average age of 14.3 years between 1910 and 1914 | 


(See Boas, 740, p. 122). 
‘Or, comparing the age group 20 years and over: 13.68 years versus 13.30 years. 


| 
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two cases thirty poor individuals had an average of 14.15 + 1.37 (un- 
corrected value). 

The nine cases born in the West Indies and reaching puberty in the 
North do not lend themselves to a convincing interpretation of any 
sort. However, the late maturity of this small group (14.13) makes a 
follow up of this type of population desirable as this may contribute 
to our insight into the effects of environmental factors. 

The data on those born in the South but reaching puberty in the 
North suggests that migration from the South to the North, which 
means transplantation of a rural population to urban life, renders the 
rate of development of the migrants similar to that occurring in the 
North: 12.99 + 1.16 (eorrected: 13.34) ; versus 12.94 + 1.10 (corrected: 
13.35). 

As it is improbable that migration by itself would exert a beneficial 
physiological influence on all the migrants, I have used an additional 
statistical approach to these data. I have compared the values for all 
women 16 years and over, excluding all children. Thus for 107 cases 
born in the South and matured in the North, the mean puberty age is 
13.49 + 1.25 (standard error + .12); and for 149 cases born in the 
North and matured in the North, the mean is somewhat earlier, i.e., 
13.28 + 1.35 (standard error + .11). 

Does the complexity of circumstances connected with migration exert 
a retarding influence on the rate of development? Such a phenomenon 
has been observed among Whites by Schaeffer (’06). Unfortunately, 
my present material is too small to permit a consideration of the age 
at the time of migration prior to maturity. 

My data on the better-to-do Negro class are scanty; eighty-nine cases 
altogether. However, the series is statistically valid. The wealthier 
Negro class shows for all the age groups studied an earlier average 
than the material obtained from the poorer class of Negroes. The 
mean average for the total group of the better-to-do Negroes is 
12.85 + 1.14 (corrected: 13.06); and this value matches the figure ob- 
tained for the Whites of the Abraham Lincoln High School; namely, 
12.86 + 1.04 for 1922 white individuals (corrected: 13.08). The sig- 
nificance of this similarity will be discussed below. 


SECULAR ACCELERATION IN THE ONSET OF PUBERTY 


I have compared the Whites studied in 1930 with the Whites investi- 
gated in 1938. The former, 527 cases, yield an average puberty age 
of 13.21 + 1.26 (corrected: 13.38); the latter, 1922 cases, 12.86 + 1.04 
(corrected: 13.08). The standard error of the difference is + 0.02 (for 
the uncorrected values: + 0.06), so there cannot be any doubt that we 
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are dealing with a faster rate of development among those studied 
more recently. Thus, during this period of 8 years there was for the 
White population of New York City an acceleration in menarche 
amounting to 4 months (uncorrected; and 3.6 months, corrected). 

The Negroes show a similar acceleration. During the past 20 years 
(1910 to 1914 versus 1935 to 1940) the sexual maturity of the girls 
at Riverdale Orphanage has speeded up by 1 year and 23 months 
(uncorrected; and 10 months, corrected). 


RACIAL COMPARISON 


When we compare all the Negroes (1397 cases) and Whites (1922 
cases) studied recently, we get a mean of 13.09 + 1.2 (corrected: 13:40) 
for Negroes as against 12.86 +1.04 (corrected: 13.08) for Whites. 
Thus we see that Negroes mature later than Whites. 

It must be emphasized that this difference should not be attributed 
to a racial characteristic per se, for the following reasons: (1) My 
Negro material, though including one series from the better-to-do class, 
is derived from strata which are as a whole socio-economically less 
privileged than the White population. (2) A time factor may, at least 
theoretically, have influenced the results of the comparison: My Negro 
material includes women 20 years of age and over at the time of 
observation in contrast to the series of Whites which does not; in other 
words, the Negro material represents an earlier born population than 
the White one and may possibly be less affected than the latter by a 
recent secular acceleration in sexual maturity. Nevertheless, the 
poorer socio-economic background of the general Negro population is 
most probably a decisive element among the causes contributing to 
the later sexual maturity of Negroes than Whites. 

This contention is borne out by the fact that when chronologically 
as well as socio-economically similar populations of Negroes and 
Whites are being compared with each other, there is found one and the 
same average age at onset of puberty. It has been mentioned already 
that both the better-to-do Negro series and the Whites of the Abraham 
Lincoln High School (which is a public school) yielded the identical 
value of 12.8 years, uncorrected, and 13 years, corrected. 

* As a whole, the living standard of the better-to-do Negro class (a selected group) approaches 
that of the general white population used here for comparison. The corrected values eliminate 
any discrepancy caused by the inclusion of older individuals in the Negro series at the time of 
observation. The birth dates of eighteen girls of the Negro series antedate those of the White 
series, however. A lesser recent secular acceleration in sexual maturity for the Negro series 
may therefore be considered. Whether this unknown factor has affected the average for the 
cighty-nine Negro cases and thereby impaired the validity of comparison with the average of 


the White series, is an open question. The time of the survey for this Negro series was 1935 
to 1936; for the White series 1928. 
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SEXUAL MATURITY AND THE TEMPO OF GROWTH 


A note on familial heredity factors which might affect the onset of 
puberty among sisters, is appropriate. Boas (’32) has shown that there 
is a fairly strong positive correlation between the dates of first menstru- 
ation of sisters. This correlation may, of course, be in part due to 
similarity of family environment but probably contains also an heredi- 
tary element. The same consideration applies to the rate of growth 
of siblings. In his study on ‘‘The Tempo of Growth of Fraternities”’ 
- Boas (’35) has given proof for the heredity of the tempo of growth; 
and in that investigation he also stated: ‘‘It might be suspected that 
similar home environment is a contributory cause to the similarity of 
the growth curve of members of each fraternity.’’ 

Correlating the average age at puberty of the 1397 Negresses dis- 
cussed here (13.09 + 1.2, uncorrected; and 13.40 corrected) with aver- 
age height values, it can be shown that the premenarcheal acceleration 
in growth occurs 1 year prior to sexual maturity. This agrees with 
_ Boas’ findings (732) on white girls. 

Figure 1 represents the annual increment of growth from 9 years 
on. Curve a was obtained from the Riverdale Orphanage and is based 
on consecutive measurements; curve b, a combination of data from 
that institution and Public School 1386, is based on single measurements. 
The mean height is tabulated for full year intervals, viz. 11-11.99 years. 
The mean itself therefore falls at 11.5 years. Increments are calculated 
_ between points at which the mean falls, viz. 11.5 to 12.5 years. Thus, 
the point at which the actual increment is assumed to occur would be 
at the year point, viz. 12 years. 


DISCUSSION OF THE LITERATURE 


The bibliography on the puberty of Negroes is very small, Roberton 
(1851) found the mean age at puberty for eighty-six Negroes from the 
West Indies to be 15 years 7 months, 8 days. He comments: ‘‘The 
black peasant females of the West Indies, and the manufacturing 
females of Manchester (England) arrive at puberty about the same 
period of life, namely, soon after completion of the fifteenth year. 
The more opulent classes of society menstruate at a somewhat earlier 
age, on the average; which is to be ascribed to no natural difference, 
but to cireumstances.”’ 

Roberton was carefully selective in using reliable data sent to him 
from the West Indies by a group of conscientious investigators; never- 
theless, neither the date of birth nor the exact age at first menstruation 
_of many of the individuals studied, could be given with perfect accuracy. 
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Engelmann (’02) published series containing data on 12402 Negress- 
es. His mean for the poorer class is offered as 14.05 years. He found 
identical values for the average age at puberty in the poor Negro popu- 
lations of St. Louis, New Orleans and Baltimore. To the better-to-do 
school girls Engelmann ascribes summarily in an appendix: 13.20 years. 


Stature 
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1M centimeters 
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<Average age of puberty: 
13.09 yrs. 12, uncorrected; 
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Fig. 1 Relationship of the maximum increment in stature to the average age of puberty in 
Negro females. Solid eurve (a) = Riverdale Orphanage; broken curve (b) = Riverdale 
Orphanage and Public School 136 combined. 


Thus, both of these authors concur in the opinion that a better socio- 
economic background will cause earlier maturity and that the age at 
puberty is independent of climate. These conclusions tally with my 
own. It is highly probable that my averages are earlier than those 
which Engelmann obtained because the conditions of Negro life have 
improved since 1902. However, it is an open question whether an un- 
even age distribution of his informants yielded a spurious average or 
whether the degree of error of his material (which, in my estimation, 
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is about 1 year) accounts for the discrepancy.* Perhaps both of these 
factors have affected his results. 

Engelmann undertook also a comparison between the onset of puberty 
among Whites and Negroes in the United States. Comparing the poor 
class of the two races he found no decisive difference, namely, the mean 
age of 14.05 years for Negroes and 14.2 years for Whites. Comparing 
better-to-do school girls he found 13.2 years for Negroes and 13.8 years 
for Whites. It is strange that his average for poor Whites and Negroes 
is analogous while that for the better-to-do school girls should show a 
later onset (0.6 years) for the Whites. Most probably the statistical 
shortcomings of his method of research, either unverified statements, 
unequal age distribution of informants, or possibly unaccountable fac- 
_ tors of chance, are responsible for the contradiction. In contrast to 
_ that of Engelmann our material did not show an earlier puberty of 
_ Negroes than that of Whites in the corresponding socio-economic class 
studied in the same period of time. The reader may compare our total 
average from the Abraham Lincoln High School (12.86 years for 
Whites) with the total from the better-to-do Negro class (12.85 years). 

By paralleling literature on the puberty of Europeans with that of 
their offspring Engelmann found an earlier puberty for the latter. 
Whereas the average was 15.5 and 15.3 years for Germany and Ireland, 
respectively, the mean in the United States sank to 14.5 years. In 
France it was 14.5 and in North America 13.4 to 13.7 years. Gould and 
Gould (’32) confirmed this phenomenon. It is not very far fetched to 
assume that the improvement of the socio-economic standard of the 
American born may have caused an acceleration of maturity. 

From this point of view it might be interesting to compare European 
Jews with their American born offspring who belong to the same stock. 
I quote from Frommolt (’36) some of the averages obtained for Hast 
European Jews: 


JEWS 


COUNTRY AUTHOR 
No. of cases Average 
| 
Wilna | Luzyski, 733 | 127 14.17 
Ukraine Gurewitsch, ’29 | 56 14.71 
South Russia |  Weissenberg, 09 | 1273 14.15 


‘To illustrate the blurring out of finer distinctions caused by inaccurate information: if the 
_ index or aceurracy of a set of puberty dates is, let us assume, 12 months, then a possbile 
acceleration or retardation of maturity by 3 months might not be discerned. In this event an 
investigator may fail to find existing influences of the environment on the tempo of development. 
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The average obtained by Boas (’32) for American born descendants _ 
of East European Hebrew immigrants is 13.1 + 1.2 years (116 cases) — 
for the well-to-do class and 13.5 +1.1 years (185 cases) for the Hebrew 
Orphan Asylum children. Both series embrace the age groups from | 
less than 10 years, 3 months to 16 years, 9 months and represent chil- | 
dren continuously observed during the entire time. Engle and Sheles- | 
nyak (’34) found for American Jews the average 13.5 (250 cases). As | 
was pointed out before, the uncorrected average for the Jewesses of — 
the Abraham Lincoln High School was 12.8 for the year 1938. 

Thus we see that the same racial group develops in America much 
earlier than in Europe; and the acceleration is the more striking the 
more recent the observations. 


The acceleration of the tempo of development of the Negro girls in 
the Riverdale Orphanage is demonstrated by the following figures: 


AVERAGH AGE AT MENARCHE IN THE PERIOD OF 
14.3 years 1910-1914 
13.3 years 1920-1924 
13.07 years 1935-1940 


The acceleration of development of a population which has an oppor- 
tunity of growing up in a better environment than the preceding 
generation is a universal phenomenon. Wretholm (Ploss and Bartels, 
27) observed that when the nomadic Lapps migrated from their 
mountainous place of origin to the Swedish towns the average age of 
puberty became earlier and similar to that of the Swedish girls. Morro 
(1897) noted that country girls around Turin reached puberty about 
a year later than those in the city. 


It is not surprising that recent investigators have observed a gen- 
eral tendency toward an earlier appearance of puberty during the past 
decades. I give the following data from G. Frommolt (’36, pages 8, 
13, 14, 91): Skerlj obtained in 1935 for Norway the average of 14.39 | 
(in Oslo) and A. Schreiner in 1924 the average of 14.57 while Schjoen- 
berg in 1897 found the mean to be 15.4 in urban and 15.9 in rural popu- 
lations. Bolk, whose data were not given in round years but considered 
the months and therefore are more accurate than most, found in the 
Netherlands that the daughters had their puberty 1 year, 3 months | 
earlier than their mother. Stein found that women who entered. 
puberty before 1880 yield the average of 15.7 and those born after 
1900, the average of 14.8 years. | 

In this connection I should like to quote C. H. Stratz (’22) whose 
correlation between onset of puberty and socio-economic level shows 
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for Bavaria strikingly dissimilar averages, namely, for the upper class, 
12.9; for the middle class, 14.4; and for peasants, 16.4. 

In view of all these findings we must attribute the accelerating tempo 
of bodily development to the improvement of socio-economic condi- 
tions. 

This analysis of the literature does not make any claims of being 
an exhaustive review of all available references. On account of faulty 
methods of collecting data, in view of inadequate methods of statistical 
arrangement, and also for the reason that the socio-economic standard 
at the places of gathering data is nowhere exactly the same, there are 


_ many contradictory figures on the onset of puberty. We are mainly 


| 
| 


concerned here with basic, unchallengeable facts in so far as they are 
brought out by the study of the material under discussion. 

In order to support the unfounded contention that inherent racial 
peculiarities might account for the difference at onset of puberty some 
authors * point to the earlier age of maturation of Jewesses as compared 
with the respective ‘‘host nations.’’ In America such a difference does 
not exist. A sociological interpretation may help us to comprehend 
this issue. In the United States the modes of life of native Jews and 
gentiles resemble each other much more than that in Eastern Europe 


of the past decades. When comparing the onset of puberty between 


Jews and Russians, Weissenberg (’09) emphasized the predominance 
of urban individuals for the Jewish series. Moreover, it is a tradition 
of Jewish parents all over the world to afford their children the best 


_ possible home care even at the expense of self-deprivation. Therefore, 
- one might assume a somewhat better nutritial status in Jewish homes 


than in those of their gentile neighbors. It seems to me scientifically 
unjusified to underestimate this environmental factor and to credit 


its effect to an illusory racial disparity. 


The following bears repetition: any comparison between older and 


| more recent studies is complicated by two factors; first, the element 


of accelerated development in the series investigated more recently, 
and second, the difference in the socio-economic character of the vari- 
ous populations. To illustrate this I cite data from three additional 


American investigations on Whites. Abernethy (’25) in the Chicago 
| Laboratory Study obtained the mean of 13.5 + 1.1 (487 girls) ; Shuttle- 
| worth (’37) in the Harvard Growth Study the mean of 13.0 + 1.1 (248 


girls) and Simmons and Greulich (’43) in the Brush Study the mean 


| of 12.6 + 1.1 (200 girls). The girls from the Brush Foundation Regular 


7See Frommolt, 736, p. 16, and Klineberg, 735, p. 106, for statistics and comments. From- 


_ molt offers a comprehensive bibliography on the menarcheal age. 
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Series belong to families described as being above the average in 
economic status. 

Thus it becomes evident that the average age at sexual maturity is 
a statistical concept which has no actual reality and merely serves 
(among other criteria) to express the rate of development of a specific 
generation in a particular environment. 


SUMMARY AND CONCLUSIONS 


1. A critical review of the methods applied in collecting and discussing 
puberty data has shown that, unless the number of observations is very 
large which makes the use of longer intervals permissible, no data 
should be used in which the data of maturity cannot be accurately 
determined within the limits of 1 month, and that for children up to 
at least 16 years a record of the date of observation is essential: for 
the younger age groups corrections must be made; and the correction 
for the youngest group exceeds 1 year. 

2. Corrected as well as uncorrected values show the following: 
(a) The Negro population as a whole has a later onset of puberty than 
Whites. This may be attributed to the lower living standard of the 
former. (b) In the North of the United States the Negroes mature | 
earlier than in the South. In the West Indies puberty occurs later than | 
in the South of the United States. 

3. The higher average ages at puberty in the more southern Negro 
populations may possibly be explained by the type of nutrition which 
is poorer in the South than the North and poorest in the West Indies — 
in so far as the Negro is concerned. 

4. The age at puberty is not a chronologically stable phenomenon in 
a population subjected to environmental changes. The age of maturity 
is linked with the socio-economic status of the respective population and 
shows similar values for Whites of different origin as well as for 
Negroes belonging to analogous income groups. The economically | 
privileged strata mature earlier than the underprivileged, irrespective 
of race or climate. These conclusions are based on an analysis of exact 
data derived from 2,449 white and 1,397 colored indivdiuals, their 
totality representing twelve separate population groups. 

5. Comparison of earlier records with those presented here corrobo- 
rates the observation of other investigators that there exists a secular 
acceleration of the age of maturity. During the past two and a half 
decades the onset of puberty was accelerated in Negroes by 10 months | 
and from 1930 to 1938 in Whites by 3.6 months. It is possible that 
such an acceleration in physical development indicates an improve- 
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ment of environmental factors. However, the elements that cause 
acceleration are still unknown. 


6. The material here presented indicates that in large populations 
no relation can be established between the time of the onset of maturity 
and racial descent, but that the environmental conditions exert a strong 
influence. It must be understood that this does not mean that indi- 
vidually hereditary influences are insignificant. The hereditary consti- 
tution of the body is a determining factor in the development of the 
individual. However, in the large mass of individuals contained in a 
population so many distinct constitutional types occur that the average 
constitutional types of populations of varying descent show but very 
slight differences which are entirely outweighed by the influence of 
environmental conditions. 


7. In the general Negro population the relation between the pre- 
menarcheal acceleration in growth and the time at onset of puberty is 
the same as among Whites. 


8. The average age at onset of puberty has only a meaning in rela- 
tion to a specific type of population within a definite period of time 
and in a particular environment. 
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CHARLES BENEDICT DAVENPORT (1866-1944); THE MAN 
AND HIS CONTRIBUTIONS TO PHYSICAL 
ANTHROPOLOGY ! 


MORRIS STEGGERDA 


Carnegie Institution of Washington, Cold Spring Harbor, New York 


ONE PORTRAIT 


In May of 1942 Dr. Davenport wrote: ‘‘I have been an American 
for three-quarters of a century. No, longer than that—for over 
three hundred years. For this ‘I’ is composed of elements that were 
brought to this continent during the 17th century.’’ Dr. Davenport 
then proceeded to explain what he thought were the predominant 
characteristics of the American nation; and those who knew him may 
recognize in them the counterparts of lis own special traits. He de- 
scribed Americans as possessing’ (a) strong individualism and inde- 
pendence, (b) independence of thought, (¢c) appreciation of knowledge, 
(d) mechanical skill, (e) love of travel. 

One can see these characteristics standing out boldly throughout his 
entire life and one wonders if he was not unconsciously describing 
himself as he wrote. Surely he possessed the first three traits to a 
remarkable degree. Perhaps trait (d) does not characterize our friend 
as well as do the others, however, he did invent scientific tools; he 
did act as a surveyor; and he claimed that he was able to see what was 
mechanically wrong with things although he lacked the patience to 
make adjustments. The last-named trait, namely, love of travel, is 
surely appropriate, for Dr. Davenport was an active traveler; he 
sailed eight times to Europe, he traveled all over the United States, 
Canada and Mexico, and once to Australia and New Zealand. Concern- 
ing one short period in 1916 he wrote in a letter: ‘‘My wife and I then 
became wanderers, going to Chicago to see our daughter Jane settled 


at the University, then to Battle Creek where I spoke on Eugenics and 


Religion; then to North Carolina to measure tall people, then to Lake 
Mohonk where I spoke, then back to Brooklyn from which city I com- 
muted to Cold Spring Harbor.’’ Such nomadic jaunts were frequent 


during my association with him. 


‘Dr. Davenport was president of the American Association of Physical Anthropologists at 


the time of his death. 
167 
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Dr. Davenport possessed another outstanding trait, namely, an 
ability to overcome difficulties. He said of himself that he was not 
- one who easily abandoned a plan because of difficulties; and in his 
_ various projects he experienced an unusual number of them. During 
| World War I he supervised the measuring of one million drafted men. 
| The difficulties of this task were tremendous, but it resulted in the 
printing of several volumes on Army Anthropology. Similarly, in the 
establishment of the Cold Spring Harbor Whaling Museum there were 
obstacles which to most people would have seemed insurmountable; 
but the tenacity that Dr. Davenport showed in the accomplishment of 
this project was again conspicuous. That Dr. Davenport wished to 
instill into others that capacity to overcome obstacles may be seen in 
his remark when the writer left on his first field trip to Jamaica, 
B.W.I. He said: ‘‘Now I know that you will have all kinds of diffi- 
culties, but I don’t want to hear of them. All I must know is, can you 
bring back the data?’’ This remark seems contrary to his kindly 
spirit but it accomplished a purpose in that it served as a challenge. 

We hear often the phrase, ‘‘He was a gentleman and a scholar,’’ and 
one wonders whether the two terms belong together. They do not 
necessarily. In the case of Dr. Davenport, however, we can justly use 
them both, for he had the qualities of an ideal gentleman, and his record 
testifies to his scholarship. He was kindly, considerate of the viewpoint 
of others and children liked to ask him questions. It must also be said 
of him that he always searched for and found at least some good 
attribute in every individual. Very rarely did he talk of people’s un- 
_ desirable traits. He was enthusiastic, a man of action; his most likely 
comment concerning a difficult situation was ‘‘What can we do about 
abd 

No doubt, the results of Dr. Davenport’s influence will be felt for a 
long time after his death; but what an influence he has already exerted ; 
in the intensive training of biologists, in the establishment of at least 
two research institutions, and in the completion of a large number of 
scientific papers. To understand the origin of this dynamic drive it is 
- necessary to know something of Dr. Davenport’s genetic stock; for, as 
he constantly maintained, the reactions of a particular individual are 
_also expressed in part in the protoplasmic constitution of his relatives. 
He said, ‘‘What a man shall do in his world depends largely upon 
the instincts and special capacities with which he was born. These 
are family characteristics.’’ 

Thus we may ask, why was Dr. Davenport so kindly, yet at times 
seemingly curt and short; why was he so shy, and yet often so bold; 
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affectionate but never demonstrative; limitless in his energy, which | 
he devoted almost exclusively to science; generous with his time for | 
others, yet miserly with time for his own comfort; tactful, easily | 
offended, lonely, at times even feeling inferior to his colleagues; | 
possessed of a rugged constitution, yet, according to Mrs. Davenport, | 
‘‘always getting sick and always getting better.’’ He was intelligent, | 


a born leader, a promoter, a director, an organizer; 4 zoologist, biolo- 
gist, geneticist, eugenicist and anthropologist. For answers to these 


questions and an explanation of the qualities we saw in him, we can | 


look to his own writings concerning himself and his relatives. 


EARLY LIFE AND EDUCATION 


Charles Davenport was born at Stamford, Connecticut, in his ances- 
tral home on Davenport Ridge, on June 1, 1866. Although his father, 
Amzi Benedict Davenport, maintained a home in Brooklyn, each year 
in May the family came to the country where they remained until 
November. His father, a school teacher and real-estate man, was also 
interested in agriculture. At their summer home he cultivated formal 
gardens and operated a general farm, where his son Charles spent much 
time in studying birds and flowers. The father was actively interested 
in the church, as were his ancestors before him, dating back to the 
time of the famous Rev. John Davenport who came to this country in 
1637. The father also displayed a keen interest in genealogy and was 
the author of a book called ‘‘The History of the Davenport Family’’. 
Dr. Davenport’s mother, Jane Joralemon Dimon, was the granddaugh- 
ter of Teunis Joralemon, merchant, shipowner and judge in Brooklyn 
in its early days. Dr. Davenport’s brothers and sisters were likewise 
people of affairs. The oldest brother, Henry, founded the Home Title 


Insurance Co. of Brooklyn; a brother James was a judge in New York; | 
a third brother, just deceased, was Rev. William Davenport, who | 
founded and became head of the Italian Settlement Society of Brooklyn; | 


a sister, Frances, was a historian with the Carnegie Institution; and 
one of his two half brothers was a lawyer, the other a merchant. All of 
the brothers, like Charles, were great walkers, spending much time in 
long, strenuous hikes. All seemed shy, yet with a shyness that turned 
almost to aggressiveness at times. 


Dr. Davenport states that before the age of six he was given a new | 


reading and spelling book, which he prized particularly. At the age | 


of seven he began reading the New Testament and completed it within 
a year. He said that he had no formal schooling until he was thirteen, 
being taught by his father during those early years. He tells us that 
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he spent much time in his father’s real-estate office as an errand boy; 
it was here that his father heard his recitations in grammar, arithmetic 
and American history. While working his arithmetic problems, he 
listened to his brother recite lessons in geometry. He relates that his 
father’s favorite pastime was to hear his children parse sentences, 
_ adding: ‘‘I grew to be a famous parser.’’ During his adolescence he 
became deeply interested in birds. He enlisted the services of his 
friends and relatives in various places to help him record their habits 
| and migrations. When he was thirteen he wrote and edited a little 
| paper, which he called ‘‘The Twinkling Star’’ and which sold for 3 
cents a copy. At this age he entered the Brooklyn Polytechnic Institute 
(November 26, 1879), where he partially supported himself by con- 
tinuing to work for his father. In the Institute Charles specialized in 
mathematics, often ranking highest in his class and achieving grades 
from 90 to 95%. Here he became chief editor of the school magazine, 
“The Polytechnic’’. During one summer he was a newspaper reporter 
for the ‘‘White Mountain Echo’’ in Bethlehem, New Hampshire. It 
is of interest to note that his detailed diaries of the days at the Institute 
include accounts of financial transactions, involving the loan of a few 
cents to this or that classmate, and that they also record the architec- 
tural plans of the classrooms, the purchase of French and German 
grammar books, and his correspondence with members of the American 
Society of Naturalists and the American Ornithological Union. In all 
these details the boy Charles was meticulous. He was a hard worker 
during these early school days. The diaries show that he often stayed 
up until 2 o’clock in the morning to complete his assignments. The 
same driving spirit was apparent throughout his life, and all who 
knew him can testify to this capacity for hard work. 

He graduated from the Institute in 1885 with a B.S. degree. To earn 
the necessary funds for entrance to Harvard University, he made use 
of his teehnical skill and became a surveyor for the Duluth, South 
Shore and Atlantic Railroad. In this capacity he spent about a year 
(1887) in the Michigan woods, experiencing events which he used 
constantly throughout his life as illustrations in his writings. 

In 1888 he entered Harvard College in the Biology Department, 
_which was under the direction of Alexander Agassiz. Dr. Davenport 
studied under the immediate direction of Dr. HE. L. Mark. During his 
Harvard days, he continued to keep his meticulous records of small 
loans, of the names of his classmates, and, later, of the social activities 
of his immediate colleagues and students. Many of the names of these 
students and colleagues, as found in his diaries, now appear in Who’s 
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Who, and among the noted names in American Men of Science. Among | 
them were C. C. Adams, F. Benedict, W. B. Cannon, W. E. Castle, | 
J. H. Gerould, H. 8. Jennings C. A. Kofoid, F. T. Lewis, A. G. Mayor, | 
G. G. McCurdy, H. H. Newman, G. H. Parker, H. 8S. Pratt, P. Sargent, | 
F. Smith, H. B. Ward, C. W. Woodworth and R. M. Yerkes. | 

After graduating from Harvard in 1889 he remained as an instructor 
in Dr. Mark’s department until 1899. While a graduate student at | 
Harvard he won the Thayer Scholarship for the years 1890 and 1891. | 
He left Harvard in 1899 to become an Assistant Professor of Zoology 
at the University of Chicago. During this time (1898-1924) he was 
also Director of the Biological Laboratory of the Brooklyn Institute 
of Arts and Sciences at Cold Spring Harbor. About 1902 he was one 
of many who submitted plans for a biological department in the Car- 
negie Institution of Washington. In 1903, at the request of the trustees 
of the Carnegie Institution, he submitted a more detailed plan for this | 
laboratory which was accepted. He then organized the Station for | 
Experimental Evolution which was opened in 1904, with Dr. Davenport 
as Director. In 1918 the name of the Station was changed to Depart- 
ment of Genetics; and Dr. Davenport remained its Director until his 
retirement in 1934. In 1910 he established the Eugenics Record Office 
and 2 years later the Eugenics Research Association. He once wrote 
that he had never lost a position. Ineed, his record shows that he held 
only five positions in a long lifetime. 

In 1890, at the age of twenty-four, Dr. Davenport published his first 
scientific writing, and thereafter, for the next 54 years, he averaged 
more than eight papers a year, with a total of at least 439 written 
contributions — nineteen of which may be classified as books. 


ANALYSIS OF HIS WRITINGS | 


I have divided the 439 scientific contributions of Dr. Davenport into | 
seven groups: (a) General papers (83 in number). These include | 
annual reports, adresses, announcements of prograins, histories of insti-_ 
tutions, ete. (b) Zoology (57). Zoology was Dr. Davenport’s first 
interest, and from this basic foundation all of his later specializa- | 
tions arose. (c) Genetics, Eugenics and Human Heredity (153). Al- 
though these constitute the bulk of his papers, it is difficult to form. 
a dividing line between this group and the zoology and anthropology 
papers. (d) Anthropology, including Growth and Development. It is 
this group of his writings which will be the subject of discussion in the 


1944. THE WORK OF C. B. DAVENPORT ikiiss 


remainder of this article. (e) Reviews of books and pamphlets (33) 
These thirty-three papers by no means represent his full output in 
this respect; for between the years 1916 and 1938 Dr. Davenport 
edited or assisted in editing a magazine called Hugenical News which 
contained numerous articles and reviews written by him but were for 
the most part unsigned. (f) Obituaries and biographies. There are 
twenty-one of these, and one characteristic of all is the consistent 
stress laid on the heredity of the person concerned. See particularly 
that concerning Dr. E. L. Mark? and Dr. H. S. Jennings.? (g) Articles 
defending his publications. There are six of these papers and they 
illustrate another characteristic Davenport trait. If he considered the 
‘eriticisms of his writings too severe, he often wrote a rebuttal, any 
/one of which makes very interesting reading. 

Before discussing Dr. Davenport’s contributions to anthropology, 
I should mention two isolated facts that indicate the broad range of 
his biological interest. In 1903 he published a paper called ‘‘ Ecology 
of the Cold Spring Sand Spit.’’ Thus Dr. Davenport’s scope of interest 
took in the earliest development of the now promising field of ecology. 
Dr. V. E. Shelford of the University of Illinois did his first research 
‘under Dr. Davenport’s direction. In the field of dental research, it 
was Dr. Davenport who wrote the first article in volume 1, issue 1, of 
the Journal of Dental Research, emphasizing the role of heredity in 
dentition. Curiously enough, during the 25 years which followed, 
very few references have appeared in this Journal emphasizing the 
‘role of heredity; but the time may come when its importance will again 

be stressed. 


ANTHROPOLOGY 


It is convenient to divide this section of Dr. Davenport’s writings into 
\five parts, namely, (a) Growth, (b) Races and Race Differences, 
(c) The technique of Anthropometry and Statistical Methods, (e) 
Army Anthropology, and (f) Human Heredity and Eugenics. Each 
of these subjects bears directly on the field of anthropology. 
| Growth. It is natural for a zoologist to write on the topic of growth 
}and development. In 1898 he wrote a paper called ‘‘The Role of Water 
‘in Growth.’’ This he considered one of his most influential papers, for 
it ‘‘stimulated more persons to investigations in this field than any of 


2 Edward L. Mark, Bios, vol. 10, pp. 69-82, 1939. 
2 Dr. Herbert S. Jennings’ Research. Johns Hopkins Alumni Bull., vol. 24, pp. 822-26, 1922. 
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my other papers.’’ In 1898 he published a two-volume work entitled | 
‘‘Experimental Morphology’’, which discussed the effect of chemical | 
and physical agents upon protoplasm. After this fundamental be- | 
ginning he put aside his studies on growth for nearly a quarter of a) 
century and devoted himself to the study of heredity in poultry and | 
man. In 1922, however, his interest turned again to growth. In that year 
he published ‘‘Normal Changes in Body Build During Development”’, 
and in the 20 years that followed he wrote thirty-five papers pertaining | 
to growth, chief among which are: ‘‘The Post-natal Growth of the 
Nose,’’ ‘‘The Post-natal Development of the Head’’, ‘‘Growth Curves 
of Infants’’, and ‘‘Development of the Human Foot’’. Much of this | 
material was gathered at the Babies’ Hospital in Brooklyn, and at) 
Letchworth Village, an institution for the feebleminded. He was always 
eager to establish rates of growth, and his attention was directed at 
various times to the actual increment of an object in terms of seconds. 

Dr. Davenport early recognized the importance of quantitative 
methods. In 1901, in a paper called ‘‘The Statistical Study of Evolu- 
tion’’ (Pop. Sci. Mo., vol. 59, p. 447), he wrote: ‘‘But the history of 
science in general justifies the prediction that biology too will in time 
use chiefly quantitative methods in studying processes.’’ From then 
on he measured and counted everything: University of Chicago stu- 
dents, Pecten shells, the veins in the wings of chinch bugs, the petals 
of buttercups, the length of femurs, or the weights of babies. Every- 
thing was placed on a quantitative basis. 

In this field of growth he expounded his index of body build, which 
is weight divided by the square of stature. He claimed that he intro- 
duced the term ‘‘auxology’’, which was incorporated in Webster’s 
Dictionary in 1935. 

Races and race difference. Dr. Davenport believed that human beingd| | 
might well be classified into groups called races, and furthermore, he’ 
considered that these races do differ in mental capacity. In all fairness, | 
let him define race as he saw it: (The Effects of Race Intermingling, 
p. 364) ‘‘A race is a more or less pure bred ‘group’ of individuals that. 
differs from other groups by at least one character, or, strictly, a 
genetically connected group whose germ plasm is characterized by a 
difference, in one or more genes, from other groups.”’ Concerning the: 
ways in which human races differ from one another he had much to say. 
For example, he would point out that dogs differ in innate instincts. 
and mental traits, but that humans, in the thought of many, may be 
exceptional in this regard. He then proceeds to give his evidence to 


| 
| 
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the contrary, and remarks that we are driven to the conclusion that 
there is a constitutional, hereditary, genetical basis for the differences 
between two races (Negroes and White) in mental traits. In his study 

‘‘Do Races Differ in Mental Capacity?’’ (p. 89) he writes: ‘‘The 
conclusion that one may draw from these experiences is that there are 
| differences in the sensory and intellectual fields between different races 
_ of mankind.’’ 

This idea was a dominant one in his mind, and several of his con- 
_ tributions concerned the ‘‘races’’ of mankind. Into this category falls 
| his Race Crossing in Jamaica, as well as his papers on ‘‘Skin Color 
| of Mulattos’’, ‘‘Skin Color of the Races of Mankind’’, and ‘‘The 
| Physical Anthropology of Australian Aborigines and Black-White 
| Hvbrids’’. 

Another of Dr. Davenport’s ideas in regard to race concerned so- 
called ‘‘disharmonies’’ due to race crossing. He wrote much on this 
| topic, but the following paragraph from an early lecture on ‘‘The 
| Effect of Race Intermingling’’ gives a good summary of the basic 
thesis. He said (p. 366) : 


- Turning to man, we have races of large tall men, like the Scotch, which 
| are long-lived and whose internal organs are well adapted to care for 
| the large frames. In the South Italians, on the other hand, we have 
small short bodies, but these, too, have well adjusted viscera. But the 
hybrids of these or similar two races may be expected to yield, in the 
second generation, besides the parental types also children with large 
frame and inadequate viscera — children of whom it is said every inch 
over 5’ 10” is an inch of danger; children of insufficient circulation. 
On the other hand, there may appear children of short stature with 
too large circulatory apparatus. Despite the great capacity that the 
body has for self adjustment it fails to overcome the bad hereditary 
combinations. 

Again it seems probable, as dentists with whom I have spoken on 
the subject agree, that many cases of overcrowding or wide separation 
of teeth are due to a lack of harmony between size of jaw and size of 
teeth — probably due to a union of a large-jawed, large-toothed race 
/and a small-jawed, small-toothed race. Nothing is more striking than 
the regular dental arcades commonly seen in the skulls of inbred 
native races and the irregular dentations of many children of the 
tremendously hybridized American. To sum up, then, miscegenation 
‘commonly spells disharmony — disharmony of physical, mental and 
/ temperamental qualities and this means also disharmony with environ- 

-ment. A hybridized people are a badly put together people and a dis- 
satisfied, restless, ineffective people. One wonders how much of the 
“exceptionally high death rate in middle life in this country is due to 
'such bodily maladjustments; and how much of our crimes and in- 
i sanity is due to mental and temperamental friction. 
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The technique of anthropometry and statistical methods. Perhaps | 
Dr. Davenport’s greatest contribution to physical anthropology con- | 


sisted in his untiring efforts to establish a system of checking. In | 


the field of anthropometry Dr. Davenport and Dr. Hrdlicka were col- | 


leagues, but they differed fundamentally in their treatment of data. 
Dr. Davenport used statistical mathematics, whereas Dr. Hrdlicka 
confined himself to the arithmetic of the mean. Both strove for per- | 


fection in the technique of anthropometry, but here again they differed. | 
Dr. Hrdliéka claimed that his technique, if learned correctly, was final, © 
and that there could be no question about it. Dr. Davenport maintained — 
that the personal error in measuring was so great that a system of | 


checking and re-checking was absolutely necessary. This is what he 
says: 


It is one thing to take measurements and another thing to take sig- 
nificant and comparable measurements. Children are restless objects 
and the body is very flexible so that the difficulties of precise measure- 
ments are very great. Also, the landmarks which one uses are often 
difficult to find, embedded as they often are, in muscle and fat. At 
best the measurement secured is a more or less close proximation to 
the true value. Sometimes several measurements are required immedi- 
ately following each other in order to estimate which is the best 
measurement of a given dimension. 


Dr. Davenport’s booklet, Anthropometry and Anthroposcopy, is com- 
plete and handy. His paper on ‘‘The Critical Examination of the 
Physical. Anthropometry of the Living’’, and his various efforts in 
behalf of the establishment of standardization committees, testify to 
his appreciation of the pitfalls of anthropometry. In the entire field 
of biometry Dr. Davenport stands as a leader. His book Statistical 
Methods, published first in 1899 and subsequently revised in 1904, | 
1914 and 1936, established his interest and authority in this field. In 
1937 he published a paper entitled ‘‘An Improved Method for Measur- 


ing Head Features’’, describing an instrument called a depth measurer | 
by means of which dimensions not previously considered could be 
measured. 


Army anthropology. During the years 1918 and 1919 Dr. Davenport 
was a Major in the U. S. War Department, in the office of the Surgeon | 
General. At that time he published seven papers which dealt with 
army anthropology, totaling 3273 pages of printed matter. These in- 
clude: ‘‘Army Anthropology’’, ‘‘Defects Found in Drafted Men’’, and | 
‘‘Physical Examination of the First Million Draft Recruits’’, as well | 
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as some shorter but exceedingly important discussions on the com- 
parisons of the incidence of various diseases in different races. The 
data he put on record regarding the army men in 1918 will be a source 
of ready comparison with those gathered on the army of World War 
II, and their importance will be felt for generations to come. A few 
years after the last war, one of Dr. Davenport’s daughters said to him: 
‘‘And what did you do in the war, father?’’ His answer was: ‘I 
fixed it so that the uniforms would fit in the next war.’’ 

Human heredity and eugenics. What Galton did for England in the 
field of Eugenics, Davenport did for America. He was America’s lead- 
ing eugenicist. He founded the Eugenics Record Office, now called the 
Genetics Record Office, which has on file great volumes of source ma- 
terial relating to human heredity and eugenics. He was instrumental in 
‘starting the late Dr. H. H. Laughlin on his work in eugenics, which 
‘specialized in questions of immigration and sterilization. Dr. Daven- 
port’s writings dealing with eugenics number 33. His chief interest 
was human heredity, and one might say that all of his work in genetics 
was in this field with the exception of his early work on poultry and 
sheep. His papers on human heredity number 67, the most important 
of which deal with goiter and otosclerosis. His earlier work on the 
inheritance of skin-, eye-, and hair-color, and also hair form, is perhaps 
better known and more often quoted; but not necessarily more funda- 
mental. 

There are also papers on the inheritance of stature, longevity, disease, 
bone defects, twin births, mental disorders, albinism and pellagra. He 
also wrote on sex linkage in man as well as on chromosomes and endo- 
crines. 


What more must be said of this man of science? I recorded earlier 
that Dr. Davenport was a tireless worker; no one would wish to deny 
this; he accomplished a great deal, and much of that which he did will 
continue to bear fruit. He has been criticized for publishing his ideas 
too hastily. I doubt whether he ever felt this to be true, although 
some of his most devoted students and colleagues were among those 
who held this opinion. His writings are not theoretical; no great bio- 
logical theories are expounded in them. Rather, he came quickly for- 
ward with each bit of scientific knowledge, and then hastened back for 
more. He wrote his papers alone; of the 400 or more papers, less than 
10% were written with his colleagues as collaborators. The men who 
worked under his direction were always encouraged to develop into 
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independent investigators; they may have been influenced but not 
dominated by the Davenport spirit. 

Earlier in this paper I mentioned an incident from my association | 
with Dr. Davenport which had influenced me a great deal. I will add) 
two more of his statements which may be helpful for a better under- 
standing of the man. He said: ‘‘Kivery table, chart, or manuscript sheet | 
should be so well labeled and identified that were it to be detached poe | 
the manuscript, it still could be read intelligently and serve a purpose.’ 2 
Again: ‘‘The teaching of anthropology without a laboratory is like, 
teaching baseball without a baseball diamond.’’ On the occasion of 
his seventy-fifth birthday one of his anthropological colleagues wrote. 
to him, saying: ‘‘It must be a source of great pride to you to look | 
back and to say justly, ‘I have labored in the vineyard and have reaped 
a goodly harvest.’ ’’ After his death, another colleague wrote to the 
writer, saying: ‘‘Dr. Davenport illustrated in a perfect manner what 
was meant by that phrase ‘A man without guile’ ’’. 


In March of 1885 Charles Davenport wrote a 10-page letter to his 
father, thanking him for his support during his days of the Brooklyn 
Polytechnic Institute and offering his services for the summer. The 
outline of work which he proposed (to his father) typified his interest. 
in biology, and the way in which he planned to allot his time was typical 
of him: 


The summer vacation will include about 10 days in June, 31 days 
in July, 31 in August, and 10 in September, making a total of 82 days, 
or 70 working days. To allow a daily average of 14 hours of work 
during this time, is to give us nearly one thousand hours of work. The 
work ii have laid out will, upon adding up, be found to occupy about 
750 hours or # of this time. I am well aware that I am laying out no) 
easy work for myself, and one which will require much indoor work, 
ee is a life study, and I shall try to find my recreation in its 
study 


Thus, from his earliest days, throughout every moment of his lone 


life, he was constantly occupied with scientific endeavors. Four weeks| 
before he died, he was still in perfect health. At that time he acquired 
the skull of a killer whale, which was to become an exhibit in the! 
newly-founded Whaling Museum, at Cold Spring Harbor, of which he 
was Curator. For nearly 2 weeks he cooked and cleaned the skull of 
this mammal, and during this time he contracted a severe cold. This 
quickly developed into pneumonia, which proved fatal on February 18, 
1944. So lived and died our dear friend, Charles B. Davenport. 
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BIBLIOGRAPHY OF DR. C. B. DAVENPORT 
PERTAINING TO THE FIELD OF PHYSICAL ANTHROPOLOGY 


(This list includes less than half of his total Contributions) 
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n.s. vol. 77, p. 520, 1933. (Abstract) 
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Investigations in child development. Carnegie Institution of Washington Year Book no, 34, 
pp. 293-295, 1935. 

Investigations in child development. Carnegie Institution of Washington Year Book no. 35, 
p. 304, 1936. 

Causes of retarded and incomplete development. Am. Assoc. Ment. Def., vol. 41, pp. 
208-214, 1936. 

Growth curves of infants. Proc. Nat. Acad. Sci., vol. 22, pp. 639-645, 1936 (with W. 
Drager). 

Developmental changes in facial features. Am. J. Phys. Anthrop., vol. 21, p. 9, 1936 
(abstract). 

How we came by our bodies. Henry Holt and Co., 401 pp., 1936. 

Post-natal growth of the external nose. Proc. Am. Phil. Soc., vol. 78, pp. 61-77, 1937. 
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B. Races and race differences 


Skin color of muiattos. J. Hered., vol. 5, pp. 556-558, 1914. 

The racial element in national vitality. Pop. Sci. Mo., vol. 76, pp. 331-333, 1915. 

The effects of race intermingling. Proce. Am. Phil. Soc., vol. 56, pp. 364-368, 1917. 

Comparative social traits of various races. School and Soe., vol. 14, pp. 344-348, 1921. — 

Multiple Sclerosis from the standpoint of geographical distribution and race. Arch. 
Neurol. and Psychol., vol. 8, pp. 51-58, 1922. 

Comparative social traits of various races. II. Study. J. Appl. Psychol., vol. 7, pp. 
127-134, 1923 (with L. T. Craytor). 

Normal interval between births. Eug. News, vol. 10, pp. 86-88, 1925 (with Anne 
W. March). 

Notes on physical anthropolgy of Australian Aborigines and black-white hybrids. Am. — 
J. Phys. Anthrop., vol. 8, pp. 73-94, 1925. 

Skin color of the races of mankind. Nat. Hist., vol. 26, pp. 44-49, 1926. 

Are there genetically based mental differences between the races? Science, n.s. vol. 68, 
pp. 628-629, 1928. 

Nasal breadth in Negro-White crossing. Eug. News, vol. 13, pp. 36-37, 1928 (with M. 
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Race crossing in Jamaica. Sci. Mo., vol. 27, pp. 225-238, 1928. 

Race crossing in Jamaica. Carnegie Institution Washington Publ. no. 395, 516 pp., 29 | 
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Do races differ in mental capacity? Human Biol., vol. 1, pp. 70-89, 1929. 

The mingling of races. ‘‘Human Biology and Racial Welfare,’’ edited by E. V. Cowdry, 
chapter 23, p. 553-565, 1930. 

Intermarriage between races: a eugenic or dysgenic force? Eugenics, vol. 3, pp. 58-61, | 
1930 (discussion by C. B. Davenport, A. Hrdli¢ka, L. I. Newmann and M. J. Hersko- 
vitz). 

The influence of economic conditions on the mixture of races. Ztsch. f. Rassenk., vol. 1, 
pp. 17-19, 1935. 

Fragebogen zur Untersuchung der Rassenkreuzung. S.A.S. Bd. 1, pp. 89-100, 1935 
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C. The technique of anthropometry and statistical methods 


Statistical methods, with special reference to biological variation. Ist ed., New York, 
John Wiley and Sons, 1899. 

Statistical methods, with special reference to biological variation. 2nd rev. ed., New 
York, John Wiley and Sons, 1904. 

Statistical methods, with special reference to biological variation. 3rd rev. ed., New 
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The best index of build. Quart. Publ. Am. Statist. Assoe. Nov., pp. 342-344, 1920. 
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Coordinates in anthropometry. Anthrop. Anz., vol. 3, pp. 30-32, 1926. 

Measurement of men. Am. J. Phys. Anthrop., vol. 10, pp. 65-79, 1927. 
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A discussion of mortality of tall men. Annual Meeting, Proc. Assoc. Life Ins. Med. Dir. 
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Statistical methods, with special reference to biological variation. 4th rev. ed., 216 pp., 
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Some principles of anthropometry. Am. J. Phys. Anthrop., vol. 23, pp. 91-99, 1937. 

An improved technique for measuring head features. Growth, vol. 1, pp. 1-5, 1937. 

Account of my anthropometric work in institutions. Am. J. Ment. Def., vol. 45, pp. 
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D. Army anthropology 


Report of the Surgeon General of the Army to the Secretary of War, pp. 46-116; 164-226. 
Government Printing Office, 1918. 

A comparison of white and colored troops in respect to incidence of disease. Proc. Nat. 
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Physical examination of the first million draft recruits. Methods and results (compiled 
under the direction of the Surgeon General, War Department). Office of the Surgeon 
General, Bull., 11, pp. 1-521, 1919 (with A. G. Love). 

Defects found in drafted men: statistical information compiled from the draft records 
under the direction of the Surgeon General, M. W. Ireland. Printed for the use of 
the Senate Committee on Military Affairs, 66th Congress, 1st Session, Washington 
Government Printing Office, 359 pp., 1919 (with A. G. Love). 

Defects found in drafted men: statistical information compiled from the draft records, 
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the requirements of the selective service act. Washington, Government Printing Office, 
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Army anthropology. Based on observations made on draft recruits 1917-1918, and 
on veterans at demobilization, 1919. Med. Department of the U. 8. Army in the World 
War. Vol. 15, Statisties, part 1, Washington, Government Printing Office, 635 pp., 
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E. Human heredity and eugenics 
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The heredity of hair form in man. Am, Nat., vol. 42, pp. 341-349, 1908 (with G. C. 
Davenport). 
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Heredity of skin pigment in man. Am. Nat., vol. 44, pp. 641-731, 1910 (with G. C. 
Davenport). 
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Eugenical limitations to the prevention of infant mortality. Am. Assoc. Study and 
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Mem., no. 1, 56 pp., 3 charts, 1912 (with F. H. Danielson). 
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The importance of heredity to the state. Quart. Minnesota Edue., Philant., Correct. and 
Penal Inst., vol. 12, pp. 23-51, 1912. (Also: Indiana Bull. of Charities and Corree- 
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How did feeblemindedness originate in the first instance? The Training School, Vineland 
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Eugenics and the Physician. N. Y. Med. J., June, 13 pp., 1912. 

Heredity in skin color in Negro-White crosses. Carnegie Institution Washingon Publ. 
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Hereditary fragility of bone (fragilitas osseus, osteopsathyrosis) Eug. Rec. Off. Bull. 
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Huntington’s chorea in relation to heredity and eugenics. Proc. Nat. Acad. Sci., vol. 1, 
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The heredity of stature. Science, n.s. vol. 42, p. 495, 1915. 
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DISTRIBUTION OF THE A,-A,-B-O, M-N, AND RH BLOOD 
FACTORS AMONG NEGROES IN NEW YORK CITY?! 


ALEXANDER S. WIENER, RUTH B. BELKIN AND EVE B. SONN 


Office of the Chief Medical Examiner of New York City and the Blood Transfusion 
Division of the Jewish Hospital of Brooklyn 


Ever since Uhlenhuth (’01, ’28) and Nuttall (’04) showed that it 
was possible with the aid of the precipitin test to distinguish the blood 
serum of animals of one species from serum of animals of other species, 
attempts have been made to apply this test for the differentiation of 
blood of different human races, especially the White and Negro races. 
While a few reports have appeared in which it was claimed that Negro 
and White bloods could be distinguished in this manner, the reports 
are unconvincing and the claims could not be substantiated by other 
reliable investigators. Moreover, no agglutinogen has been found in 
the red blood cells that is universally present in one human race but 
absent from other races. However, as Hirschfeld and Hirschfeld (719) 
showed for the first time in the case of the four blood groups, the 
agglutinogens determining individual differences in human blood fre- 


- quently exhibit different distributions among races. In this paper we 


propose to compare the distributions of the various serological proper- 
ties among Negro and White individuals in New York City. 

Tn the case of the four Landsteiner blood groups, it has been reported 
that groups O and B are more frequent and group A less frequent 
among Negroes than among Whites. According to Landsteiner and 
Levine (’30), among group A individuals subgroup A, is relatively 
more common in Negroes than in Whites. As far as the properties 
M and N are concerned, however, no significant difference has been 
observed in the distributions. Landsteiner and Levine (’29) reported 


that the so-called agglutinogen P has a higher incidence among Negroes, 


and Landsteiner, Strutton and Chase (’34) have described a rare 
property of human blood occurring far more frequently among Negroes 
than among White individuals. Schiff (’40) in tests for the group 
substances A and B in saliva found that non-secretors occurred more 


frequently among Negroes than among Whites. In studies on their 


recently discovered property Rh of human blood, Landsteiner and 
1 Aided by a grant from the United Hospital Fund of New York City. 
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Wiener (’41) found the Rh-negative type to have a somewhat lower 
incidence among Negroes. On the other hand, Levine (’42) found that 
bloods reacting negatively with so-called anti-Rh, sera are about twice 
as frequent in Negroes as in Whites. 

More recently, it has been found that the Rh agglutinogen is not a 
single entity but has at least five variants determined by corresponding 
allelic genes and giving rise to eight types of blood (Wiener, ’43b). We 
have investigated the comparative incidence of these Rh blood types 
among Negro and White individuals, and we propose to present our 
findings here, together with some new data on the distribution of the 
blood groups, subgroups, and M-N types. 


MATERIALS AND METHODS 


The Negroes who supplied the specimens for the tests have been 
separated into two series, as follows: One series [new series b tables 
1, 2 and 3] consists exclusively of patients from the wards of the Harlem 
Hospital. In this series, moreover, slight selection was exercised in 
that blood samples were taken only from individuals without physical 
traits manifestly indicative of White admixture. The other series of 
Negroes (new series a) was much more heterogeneous and included 
patients from the out-patient department and maternity wards at 
the Jewish Hospital of Brooklyn and the Bellevue Hospital of New 
York City, no attempt being made at selection. 

The control series of Whites was a mixture of different ethnic types, 
the bloods having been obtained from patients, physicians, technicians, 
ete., principally at the Jewish Hospital of Brooklyn. 

The technique of collecting and testing the blood samples has been 
described in detail in a previous report (Wiener, Sonn and Belkin, ’44). 


RESULTS 


For the sake of simplicity we shall discuss separately the results of 
the tests for the blood groups and subgroups, the M-N types, and the 
Rh types, in the order given. 

Blood groups and subgroups. In table 1 are presented our data on 
the distribution of the Landsteiner blood groups and the subgroups of 
groups A and AB. 

Our findings confirm the higher incidence of groups O and B, and 
the lower incidence of group A, among Negroes. They also show that 
within group A, subgroup A, is relatively more common in Negroes, 
although the absolute incidence of subgroup A, is slightly lower than 
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in White individuals. No individuals of the rare subgroups A; and | 
A,B were encountered in the present study. 

One striking finding is the markedly higher frequency among Negroes | 
of individuals of group A giving reactions intermediate between A; | 
and A,. This, incidentally, accounts for a misunderstanding in some of | 
the earlier studies on the subgroups of A. Landsteiner and Levine | 
(’30), working in New York on material containing a high proportion of | 
Negro bloods, reported the existence of frequent bloods of group A | 
giving intermediate reactions in subgrouping tests. Thomsen (730) 
on the other hand, in tests carried out in Copenhagen, denied the 
existence of bloods intermediate between A, and A,. Thomsen believed 
that his sharper results were due to the special technique he used, but 
the data of table 1 indicate that the explanation is to be found in the 
racial differences between the populations studied. 

In our opinion, group A bloods giving intermediate reactions repre- | 
sent a special subgroup of A (designated in table 1 as A, 2), due to the | 
presence of a special, qualitatively different agglutinogen A, determined 
by a corresponding allelic gene. In support of this may be cited our 
observations on family material, where we found that several indi- 
viduals in the same family may exhibit the characteristic (Wiener, 
Sonn, and Belkin, 44). 

It will be noted that in table 1 we have listed together bloods of sub- | 
groups A,B and A,.B. The reason for this is that the reactions of 
group AB blood with absorbed B sera are somewhat weaker than those 
of group A blood, apparently on account of the interfering effect of the 
B agglutinogen. Thus, A,B blood gives only partial clumping with 
absorbed B sera which strongly agglutinate A, blood. By the same 
token, since absorbed B sera give only weak or partial reactions with 
A,» blood, they would not be apt to agglutinate A,.B blood, and the 
latter would be classified as A,B. When determining the gene fre- | 
quencies, subgroups A,», and A, were combined in order to be con- 
sistent with the method of dividing group AB. 

It should also be mentioned that our impression from the reactions 
of the Negro bloods with absorbed B sera is that a number of gradations 
exist between A, and A,, though for simplicity we have arbitrarily | 
designated all intermediate bloods as A, ». This suggests the possibility 
(among others) that gene A, arose from gene A, or vice-versa as a 
result of several step-like mutations rather than a single mutation, 
and that in White populations the genes for the intermediate varieties 
of the A agglutinogen have almost entirely disappeared. The fact that 
the intermediate subgroups of A have lower frequencies than the ex- 
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treme types, A, and A, suggests that the genes A, and A, are probably 
much less mutable than the genes corresponding to the intermediate 
subgroups. 

The finding that Negro series a has a lower percentage of A, » bloods 
than series b suggests that the former series has undergone more racial 
admixture with Whites. As will be pointed out later the Rh tests show 
the effect of racial mixing even more strikingly. A conflicting observa- 
tion is that the incidence of group B in series a is higher than the inci- 
dence of group B in series b. However, in view of the small size of 
our series, this may well be accidental, and one must also consider that 
the White population selected as standard may have a different blood 
group distribution from the population with which the crossing oc- 
curred. 

TABLE 2 


Comparative distribution of the M-N types among Negro and White 
individuals in New York City. 


ee 28 EN = | FREQUENCIES | DiS | 
Sees | INDIVIDUALS j | 1-(VmM+ VN) P.E.p 
eer, eh EM | EN MN | om n | 
| 
Negroes | | | 
Previously reported * 278 28.4 | 21.9 | 49.6 | 53.2 | 468 | —01 |+2.0 
New series (a) 94 28.7 | 28.7 | 42.5 | 50.0 | 50.0 == fe} + 3.6 
New series (b) | 138 29.0 | 28.3 | 42.8 | 50.4 | 49.6 == fA) + 2.9 
i | 
Whites | | | 
Previously reported * 6,129 29.2 | 21.3 | 49.6 || 54.0 | 46.0 == Neil + 0.4 
New series | 582 | 28.5 | 21.81 49.7; 534! 466] —01 |+14 


1Cited by Wiener (’43a, p. 326). 


M-N types. In table 2 are presented our data concerning the distri- 
bution of the M-N types in Negro and White individuals, together with 
comparable data previously reported. It will be seen that our results, 
like those previously obtained, do not reveal any significant difference 
between the two races with regard to the distribution of the M-N types. 

Rh types. The studies on the various Rh blood types yielded the 
most striking and interesting results. 

As is shown in table 3, the so-called type Rh, which has an incidence 
of only 2 to 3% among White individuals, occurred in 24.5% of the 
| Negroes of series a, and in 41.6% in the Negroes of series b. Accord- 
ingly this type was from ten to twenty times as frequent in Negroes as in 
| Whites, and probably if Negroes of purer ancestry would have been 
tested, the difference would have been even more striking. Type Rh, is 
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also more frequent in Negroes than in Whites, but the difference here 
is small. Type Rh,, on the other hand, is about twice as frequent in 
Whites as in Negroes, and in conformity with results previously re- 
ported (Landsteiner and Wiener, ’41), the Rh-negative type was found 
to be somewhat less frequent in Negroes than in Whites. The compara- 
tive distributions of the Rh types among the Negroes of series a and 
b fit very well with the assumption that series a has undergone a good 


_deal more crossing with Whites than series b. 


As has been pointed out in a previous paper (Wiener, Sonn, and 


Belkin, 44), agglutinogens Rh’ and Rh, are serologically related in 


that both react with anti-Rh, sera, though agglutinogen Rh, reacts in 


addition with standard anti-Rh, serum. If agglutinogen Rh, arose from 
| the Rh-negative type, then gene Rh’ may possibly represent an inter- 


_mediate stage in the mutation from gene rh to gene Rh,. Similarly, 


gene Rh’’ may represent an intermeditae stage in the mutation from 
gene rh to gene Rh,. If these assumptions are correct, then the fact 
that types Rh’ and Rh” are much rarer than types Rh, and Rh, would 
suggest that genes Rh’ and Rh” may be more mutable, while genes Rh, 
and Rh, are presumably stable genes. 


SUMMARY AND CONCLUSIONS 


Data are presented as to the relative distribution of the four blood 
groups, the subgroups of A, the M-N types and the Rh types among 
Negro and White individuals in New York City. Our data confirm the 
previous reports that groups O and B are more frequent, while group 
A is less frequent among Negroes than Whites. Subgroup A, is rela- 
tively more common among group A Negro individuals than among 
group A White individuals, though the absolute incidence of subgroup 
A, is lower in Negroes than Whites. One interesting finding is that 
group A individuals of intermediate subgroup are much more common 
among Negroes than in Whites. No significant difference was observed 
in the distribution of the M-N types among Negroes and Whites. 

The most pronounced serological difference between Negro and 
White individuals thus far encountered is the difference in the inci- 
dence of the so-called type Rh,. As is shown by our data, even though 
the Negroes tested had presumably undergone considerable crossing 
with Whites, the disproportion between the races in the incidence of 
this type was as high as 10 or 20 to1. Presumably, tests on full-blooded 
African Negroes would yield even more striking results. This finding 


suggests that tests for the Rh blood types might be used as an index 
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of the purity of a Negro population. Of course, the test has little, if | 
any, value when applied to single individuals. 
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PHYSICAL TYPE AND MENTAL CHARACTERS 


PRELIMINARY NOTES ON THE STUDY OF THE CORRELATION BETWEEN RACIAL 
TYPES AND TYPES OF PSYCHOTIC REACTION 


DAVID P. GAMBLE 
Belfast, Ireland 


INTRODUCTION 


It is with some diffidence that the following article is presented. 

~The work described was undertaken with the strictly limited objec- 
| tive of finding out how promising a field there was for research in 
'the no man’s land between anthropology and psychology. But time, 
| financial considerations, and the difficulty of obtaining certain items 
of anthropometric equipment under war time conditions, prevented 
the investigation from reaching the state of completion which the 
author had originally hoped. Nevertheless certain interesting results 
/ were emerging and it seems worth while to place them on record. 

It is one of the most common beliefs that races differ in mentality. 

Popular opinion, without knowing what a race is, and without any 
training in scientific psychology, is certain on the point, attributing 
.to its own group every estimable quality and to its political enemies 
all that is bad. Scientific investigation of the matter is still unsatis- 
‘factory. Usually the cultural backgrounds of the racial types com- 
pared have differed so widely that such differences as were found could 
reasonably be accounted for by differences in the social environment. 
}One can search in vain for any controlled laboratory experiments tak- 
‘ing into account physical traits which anthropologists would regard 
as indicative of racial differences. On the whole, current scientific 
opinion is best expressed in the statement of Dr. Morant (’39, pp. 
150-151) : 


We know very little about the association of inborn physical and 
psychical characters, or about racial differences in inborn psychical 
characters. The difficulty here is in defining and measuring any traits 
relevant to the problem considered ... As far as we know, the body 
characters used by anthropologists to distinguish races are not as- 
sociated with any mental characters in individuals. At the same time 
there may be some racial differences in mental characters and it is 
probable that there are. These are most likely to be similar in nature 
to the physical differences. 
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METHODOLOGICAL CONSIDERATIONS 


Before the study of correlations between racial type and mental 
disorder can be made, we need to know the answers to a number of 
tundamental questions : 

1. To what extent can physical types be classified and defined? 

2. To what extent can mental disorders be satisfactorily classified? 
3. What other factors are likely to affect the general situation? 


The answer to the first problem has been largely dealt with in our 
papers on the samples from County Antrim and County Derry (see: 
Ulster J. Archaeol.). We found that whether we analyzed the data 
mechanically without any previous conception of the types we might 
find or whether we relied on classification by general observation 
and grouping at sight the results we obtained were essentially the 
same. As these types agreed very well with the types in prehistoric 
populations the general scheme of classification seemed satisfactory. 

A very high percentage could generally be classified easily. From a 
a metrical approach we normally utilized over 90%, but on general 
observation 75% ‘‘grouped’’ was a fairly high figure. One usually 
compromised between these two percentages; and as work progressed, | 
further elements, accounting for some of the remainder, were grad-| 
ually being defined. On the whole it was relatively easy to find the dif- 
ferential tendencies between elements — e. g. between the Palaeolithic 
and Atlanto-Mediterranean dolichocephalics, or between the Beaker and 
Dinaric brachycephalies, or between the brachycephalics and the Medi- 
terranean types... ete., etc. Where precisely to draw the boundary be- 
tween these types on metrical grounds was in theory at least, rather 
more difficult. Yet it was noticeably rare to find individuals who were 
metrically intermediate between any of our abstracted ‘‘types.’’ If for 
example, we had found ten traits characteristic of one type and ten. 
of another, we would scarcely ever find any individual with five of. 
each. More often one would find seven from one and three from the 
other, or six and four, but ‘‘blends’’ were noticeably uncommon. 

In brief, most individuals could be classified into types, and the error 
caused by a fluctuating boundary would not, it was thought, be so 
great as to obscure any general correlation between mental characters 
and physical type, and need not'prevent us from drawing valuable 
conclusions regarding the great majority of individuals who were 
obviously of distinct types. 

On the second question the author does not consider himself really 
competent to judge. Medical opinion appeared divided. Some held 
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that for example, manic depressive and schizophrenic conditions could 
always be distinguished; others said that patients with mixed symp- 
toms were most frequent. But it might be more than coincidence that 
in those hospitals where the psychoses were claimed to be easily 
classified the physical types were most distinct, and where the racial 
material was unpromising from a general classificatory viewpoint psy- 
chotic reactions were stated to be mixed. It is certain, however, that 
much more knowledge about the causes of mental disease, and the 
mechanisms involved in symptom formation, would be required before 
a satisfactory classification of mental disorder could be reached. In 
general, it was accepted that the medical classification as given, for 
example, in Henderson and Gillespie’s text book (’40) would prove 
satisfactory, and that most cases could be fitted into their scheme. 

The third problem was, in theory, the most serious. One could ex- 
pect a psychotic reaction not to have a simple origin but to be derived 
from the interaction of three main groups of factors: 


(a) Innate constitutional factors. 

(b) The experiences of infancy which laid the foundation for be- 
havior in later life. 

(c) The demands of the society in which the individual is living, 
the stress arising from social situations, conflicting value systems, etc. 


Most modern psychologists lay much stress on the social environ- 
ment, and on the values and attitudes which the individual holds. And 
one of the most promising lines of investigation stressed by the Freud- 
ian school is the role of the experiences of early life in the formation 
of the personality. In brief, before finding out the role of the con- 
stitutional factor in determining reactions one might have to make al- 
lowances for the environmental situation. At the same time the con- 
stant similarity of the types of psychotic reaction from individuals 
in different countries, under different social systems, from different 
social strata, suggests that it is in the study of the constitutional fac- 
tor that the key to the understanding of the psychoses will be found. 

In this preliminary study then, the attitude which we took was as fol- 
lows: it was decided to wade boldly into the problem without worrying 
overmuch about accuracy of definition, especially in the difficulties of 
classifying mental disorder. Any attempts at precise, detailed quan- 
titative work would, when go little was known about the field, be a waste 
of time, and would probably be a hindrance in the initial stages of the 
work. Only when the problems involved could be seen from the inside, 
as it were, would precision become practicable. 
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The plan adopted was as follows: 4 sample of mental hospital 
patients was measured (over 100 subjects); these were classified into 
racial groups in accordance with a scheme previously worked out — 
and a correlation table of the racial types and types of psychoses was 
drawn up. From this, certain general ideas suggested themselves and 
these were checked by further observations in other hospitals. 


RACIAL TYPES IN THE POPULATION OF THE NORTH OF IRELAND 


This section consists of descriptions of the main physical types which 
can be distinguished in the population of Ulster. The conception of 
these types is based mainly on the preliminary statistical analysis of 
the data collected by Mr. John M. Mogey (measurements of about 
700 subjects) and data on over 100 mental hospital patients measured 
by the author. This anthropometric data was supplemented by a long 
continued series of observations both on the population at large and in 
mental hospitals. It was found that, once we knew from our first sur- 
veys what points to pick out, general observation and the systematic 
recording of descriptive data would provide us with much valuable 
material. In the descriptions that follow I have usually given first of 
all the main distinguishing characters of the ‘‘type’’— these are the 
actual criteria on which the typology of the population was first worked 
out. To these have been added further descriptive details ascer- 
tained by comparing individuals who had these main distinguishing 
traits, with one another and with other types. Certain of these fea- 
tures were then used in later work as criteria for classification. Where 
there is any difficulty in distinguishing between types, — where two 
elements might easily be confused, the main distinguishing characters 
have been outlined. The classificatory scheme is given in Table 1. 


TABLE 1 
Racial types in Northern Ireland: classificatory scheme 
Brachycephalies Nordies 
Beaker of Beaker origins 
Dinari¢e of Palaeolithic affinities 
Mediterranean Blond Atlanto-Mediterraneans 
Dinaricised Mediterranean Nordicised Mediterraneans 
Atlanto-Mediterranean Mesocephalie Nordiecs 
Basic Mediterranean Others 
Derived forms (infantile) Iron Age types 
a. dolicho A. Keltic 
b. mesocephalic Boa? 
Neanthropie (Upper Palaeolithic) C. Hallstatt 
Hyperdolichocephalie Minority types 


Mesocephalic — large headed 
Miscellaneous mesocephalie forms 
Derived forms 

Borreby survivors 
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Beaker type. This is defined by the combination of the following 
features: (a) A brachycephalic or mesocephalic head with a somewhat 
flattened occiput. This flattening is rarely as pronounced as in the 
Dinaric type (see later) and the occiput is usually rounded; but it is 
always steep, high, and broad and the post-auricular segment of the 
head is short. (b) Great development of the long bones, seen in the 
extremely long legs and arms, long hands, and, to a lesser extent, 
in the width of the shoulders. (c} Light pigmentation. The hair is 
usually light in color. It is often blond, but red hair is very frequent 
with this type. Eye colour is commonly blue or grey, though darker eyes 
are sometimes found in association with light hair colour. The skin, 
in the blondest haired people is sometimes dull white, but characteris- 
tically it is very red and is often freckled. (d) A long, broad, squarish 
face, with prominent cheek bones, and a broad, deep jaw with well 
defined gonial angles. The face is solid in appearance, but often fairly 
fleshy, with deep naso-labial furrows. 

The head is shorter and broader than the average, and is usually 
fairly high. 

The parietal bones rise steeply, and are practically parallel for a 
considerable distance. The forehead is broad, slightly rounded and 
fairly high, with average to strong brow ridges, and little constriction. 
The eyebrows are usually thin. The nose is generally straight or wavy 
in profile, though concave noses are not uncommon, and a thickened 
upturned tip is characteristic. The nostrils are usually wide, and the 
nasion depression is deep. The hair is often deeply waved. The hand 
long and narrow, and not fleshy, and the medius is short in relation 
to the hand. 

The body build of this type is best described as athletic.’ As a rule 
these individuals are muscular. Their sitting height is about average, 
| but the legs are very long and the stature is generally very tall (average 
about 5 feet, 10 inches). Weight is moderately heavy (about 11 stone 
— 154 lbs.). The span is very much longer than the stature, normally 
105-6% of the stature, whereas the average for the population as a 
- whole is 102.5%. Shoulder width is medium to broad, and the chest 
measurements are good. Metrically these chest measurements are 
only about ahe average for the population, but they are considerably 
above those of other types, being exceeded only by the Palaeolithic 
stocks. The width of the hips (bi-iliac width) is fairly large, wider 

The body types were generally classified into: hyperlinear, linear, athletic, solid, lateral. 


Athletic is probably related to the linear constitution. Solid was used for fairly small, strongly 
built individuals. Lateral is wider in hip breadth and has a deeper chest measurement. 
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than in the Mediterranean groups, but not so broad as the Upper 
Palaeolithic types. 

The type is one of the most easily distinguished in the Irish popula-— 
tion, though it forms only about 5% of the total. It would appear to 
grade into what we believe to be a Borreby Palaeolithic element — a> 
tall brachycephalic which is often red haired, and has great length | 
in arm and leg, and a particularly long face. The Borreby type is dis- 
tinguished by the following features — a rounder and larger head with 
flattening in the lambdoid region, relatively larger face and a lateral 
body build. This ‘‘pure’’ Borreby type forms only about 0.5% of the 
population. 

On the other hand it grades into a form which might best be called — 
a Proto-Nordie, from which it is differentiated mainly by a longer head — 
and a lack of marked occipital flattening. The length of the arm 
and leg is similar. It is rather difficult to be sure either from statis- 
tical work or general observation that this is really a stabilised type | 
— it may represent a mixture between the Beaker and one of the 
longer-headed elements, but it is quite useful as a classificatory cate- 
gory. 

Dinaric types. The classic Dinaric type is found only rarely in the 
Ulster population, but its distinctive features make it an easily isolated 
element. It is similar to the Beaker, in having a brachycephalic head 
with a flattened occiput, but as a rule this is even flatter than in the 
Beaker type. It is clearly distinguished, however, by the rest of the 
physical features: 

(a) Pigmentation is darker. Often the hair is black or dark brown; 
the skin pale, or reddish brown (there is generally some suggestion 
of pigment). The eyes, though characteristically dark, are occasionally 
light. 

(b) The shape of the parietal bones is rather different. In the Beaker 
type, they are more parallel at first; in the Dinaric, there is greater 
convergence, and the head height is higher. 

(c) Though stature is tall, the legs are relatively short, and the body 
length is often considerable. The average span is only slightly longer 
than the stature. The arms and legs are thus very much shorter 
than in the Beaker type. 

(d) The body build is more linear; the chest smaller, both nar- 
rower and shallower. Shoulders are generally very broad, but the hips 
are narrow. 

(e) The face is narrower and the cheek bones are less prominent. 
Though the upper facial height is on the average much the same. 
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the jaws are shorter, and relatively narrower. The chin is usually 

well marked; the lips thin. 

Two features which make this Dinaric type especially conspicuous 

are: 

1. A long, narrow convex nose, which is very prominent, and has 
often a thin and depressed tip. The root is narrow and the nasion 
_ depression well-marked. 

2. Thick concurrent eyebrows. (Concurrent eyebrows are found 
in Ireland with certain of the Upper Palaeolithic types. But they can 

be regarded as entirely typical of the Dinaric group, where about two 

out of every five of the dark-plano-occipitals have this characteristic. 
It is rare to find this feature with any other racial type.) 

The forehead in this type is high and rounded with average brows 
and fair frontal constriction. The slope is usually strong. The hand 

is small with short fingers. 

_ A certain number of individuals are found who appear to have 
‘some of the characteristics of the typical Beaker and some of the 
typical Dinaric.? An estimate, based on general observation only, 
suggests that roughly one in ten of the mesocephalic and brachycepha- 
lic plano-occipitals shows a mixed form. 
_ The ‘‘pure Dinaric’’ type is rather a small element in the northern 
population. We estimate it to form about 2% of the total, but in spite 
of its small numbers it is an extremely conspicuous and well-defined 
type. 
 Dinarics — group B— Mediterraneans, partially Dinaricised. We 
also find a number of individuals with flattening of the occiput who are 
mainly of Mediterranean affinities. They lack the concurrent eye- 
brows, hooked nose, peculiar shape of the parietals, and extreme oc- 
cipital flattening that is characteristic of the true Dinaric. They are 
generally small, solidly built individuals, with relatively short legs. 
The head is flattish in the occipital region, and fairly short in length; 
the face is broad with a fairly shallow jaw. The nose is generally 
wavy in profile with a full tip. Hair, which is usually deeply waved, 
is dark; eyes are often light. 

"Tt is possible that many of the red-haired Beaker people represent a Dinaric element in 
which the black pigment has been lost. Convex noses and greater occipital flattening appear 
to be found more often with the deeper red pigmentation. A lighter sandy colour is more 
‘often found with the rounded occipital type. We have not yet sufficient evidence to decide the 
rts the evolutionary point of view it may be that the Beaker type was derived from 
‘the Borreby. If this is so, we have, by historical circumstances, both survivals of the original 
‘stocks, and later derived forms, which evolved from this type on the continent, present in the 
‘same populatoin. 
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The first main Mediterranean element in the population is the tall 
Atlanto-Mediterranean type. Its characteristics are: 

(a) A dolichocephalic head form with a high vault, and often a pro- 
jecting occiput. The head is large in size, very long, generally over’ 
200 mm. in length, of moderate breadth, and relatively high. 

(b) Tall stature (average about 5 feet, 9 inches): a linear body build 
with poor chest development, the chest being both narrow and shallow. 
Sometimes an athletic body form is found, but more often the tendency 
is towards a hyperlinear form. Weight is medium in relation to the 
height (c. 10-6 stone —146 lbs.). The span is generally short com- 
pared with the stature. It is often less than the height, but the average 
is about 101.5% — this is the lowest ratio of any of the physical types: 
in Ireland. The shoulders are broad and straight and the hips narrow. 

(ec) Pigmentation —the hair is dark, but the eyes are often blue. 
The skin is rather pale, sometimes reddish-white. 

(d) The face is narrow and usually long, and the general relief is 
bony though the projection of the malars is slight. The forehead is 
wide, with a fair constriction, and the slope is generally fairly strong. 
Browridges are well marked, medium to strong in size. Eyebrows are 
long and often thick. The jaw is deep, the chin well developed. The 
nose is most frequently straight, but a high proportion of convex noses 
—usually a smooth and gradual curve —are found. The nasion de- 
pression is often slight, and the nasal tip medium to thin. In econ- 
formity with the general build the hand is long and thin, with a very 
long medius. 

This tall Atlanto-Mediterranean type grades rather gradually into 
smaller Mediterranean varieties, and we think it best to define two main 
groups: 

(a) Basic Mediterranean — small, dark, long-headed individuals 
with narrow faces. | 

(b) Derived Mediterraneans — often metrically similar to the Basic 
Mediterranean, but distinguished by certain more ‘‘infantile’’ char- 
acters. 

Basic Mediterranean. The type is fairly similar to the Atlanto-Medi- 
terranean, and is distinguished mainly by its smaller size. The head 
form is similarly dolichocephalic with a high vault. The forehead 
is generally straight in profile with a moderate slope, usually steeper 
than in the taller Mediterranean variety. There is a good minimum 
frontal constriction, and browridges are slight to medium. There is 
usually some projection of the occiput. The face is variable in length, 
generally long, and is narrow in width. Cheek bones are usually prom- 
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inent with little flesh covering, but their projection is slight. The nose 
is almost always straight, rarely convex. It is narrow, and the nasal 
tip is thin. The nasion depression is average to well-marked. 

In body build, they are lightly built individuals, small in stature, with 
fairly broad shoulders, narrow hips, and small chests. Arms are rather 


| short. 


( 


Pigmentation: the hair is dark, and the eyes are probably darker 
on the average than in the taller Atlanto-Mediterranean variety. The 


| skin is pale, sometimes red-white, occasionally brownish-white. 


7 
J 


As a group it corresponds in general with the smaller Mediterranean 
varieties of Southern Europe, but it is scarcely possible to separate out 
of it individuals of the taller Atlanto-Mediterranean variety who are 


| lacking in general growth factors. 


if 


d 


| 
i 


The Derived Mediterranean group consists of small high-vaulted 
dolichocephalics who show a combination of various infantile features, 


/ e.g., partial depigmentation, shallower chest, sight jaws, wavy or con- 
- eave noses, rounded foreheads, relatively short legs, ‘‘ Mongoloid’’ eye 
folds, ete. Metrically they are often indistinguishable from the small 


Mediterranean type, and we regard them not so much as another 


racial group, as individuals who are affected by this general evolu- 


tionary process of foetalization. 
In the mesocephalic group it is also possible to extract a type of 


_ Mediterranean affinities. They are individuals with a rather indiscrim- 


inate head form which is best described as pear-shaped. The head 
vault is not particularly high, and the profile of the parietal bones, as 
seen from the back, is a somewhat semicircular form. The forehead 
is rounded both when seen from the vertical and lateral profiles, and 
the browridges are slight or absent. 

The face is generally short — (but a large proportion appear to have 
lost their teeth fairly early) —with a straight nose, and a shallow 
jaw. Hair is usually dark, sometimes dark blond, and eye colour is 
generally grey or blue. The face is usually smoothly contoured and 
fleshy. 

Generally, body build is poor: stature small, and shoulders rather 
narrow, chest development slight, and musculature feeble. 

Neanthropic— Upper Palaeolithic Derwatives. It is one of the 


astonishing characteristics of the Irish population as a whole that a 


large proportion of its genetic make-up is apparently derived from 
Upper Palaeolithic stocks, and that such a large number of individuals 
correspond so well with the Upper Palaeolithic types as known from 


archaeological excavation. 
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The main distinguishing features of Upper Palaeolithic man, in 
general, are: 

(a) Great body build, with massive bony structure, heavy muscula- 
ture, and exceptional weight. 

The body is usually long relative to the total structure; the chest 
measurements are particularly great — especially the anterior pos- 
terior measurement. The great hip width (bi-iliac breadth) is an out- 
standing characteristic, and this feature has sufficiently high differ- 
ential value to enable a high proportion of the Palaeolithic types in a 
mixed sample to be isolated at once. 

(b) The head size is extremely large, generally with strong brow- 
ridges and flattening in the lambdoid region. | 
(c) An exceptionally wide face, exceeding all other racial types, 
often with marked projection of the zygomatic arches. The facial length 

is variable including both very short and very long forms. 

(d) The lower jaw is massive, unusually broad and deep. 


It is possible to distinguish several main groups in this popula- | 
tion: A. A hyperdolichocephalic element with a very long narrow 
head. B. A mesocephalic group with a head of very large absolute 
dimensions. ©. Miscellaneous mesocephalic forms. D. Occasional 


‘‘pure’’ Borreby survivors. E. Derived forms. 


A. In the first main Palaeolithic type, the head is long and narrow 
and extremely large in size. In relation to the breadth the head vault 
is low, there is pronounced flattening in the lambdoid region, and the 
occiput bulges slightly at the back. The temporal regions are steep, 
and ill-filed. The forehead is broad and slopes back sharply. The eyes 


are deep-set below strong brow ridges, and the inter-orbital breadth 
is great. 


The facial relief is rugged, with enormous cheek bones and strong 
lateral projection of the zygomatic arches. The length of the face 
varies — it is either exceptionally short or extremely long, and the 
difference between these two types lies mainly in the depth of the jaws. 
The nose is prominent, usually straight or convex in profile and the 
tip is often full and thick. There is no noticeable prognathism. 

The body build is usually recorded as linear, but the chest and hip 
measurements are particularly large. The type is tall in stature and 
very heavy in weight. The body length is long relative to the total 
height, and the arm length is considerable. They move with a rather 
slow, loose, awkward gait. : 
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Dark hair and blue or gray eyes is the usual combination of hair and 
eye colour. 

From the metrical data alone we find the contrast between the Palae- 
olithic and Mediterranean dolichocephalics to lie mainly in the follow- 


ing features: 


(a) The height of the head in relation to the breadth — the index 


_ is consistently lower in the Palaeolithic types. 


(b) The facial width. 

(c) The bi-iliae and chest measurements. 

B. The mesocephalic Palaeolithic type is probably more common in 
Ireland as a whole, though in Antrim we found that dolichocephalic 
types far outnumbered the mesocephalics. Occasionally we find indivi- 
duals with a cephalic index which, strictly speaking, is dolichocephalic, 


_ but whose width is 160 mm. or over. We consider it best to regard 


_ these as part of the mesocephalic group. 


In these individuals the body is particularly large, with a voluminous 


| chest, and an exceptionally broad bi-iliac width. Stature is usually tall, 
_ the span wide, and the weight is extremely heavy. There is a noticeable 
' tendency to put on weight with age. 


The head is very large in size, both long and broad and high. Usually 


the occipital projection is slight, and the occiput is rounded, flattening 


off in the lambdoid region. The post-auricular region appears short. 
The forehead is broad, with a moderate slope and average to strong 
browridges. Eyebrows are often rather thin, but generally long. 
The face is very broad and massive in appearance. It is generally 
long, though short faces are sometimes found. The zygomatic arches 
do not as a rule appear to project as much as in the dolichocephalic 


' type but the width is still particularly great. The eyes are deep-set, 
the nose straight with a full and often slightly upturned tip. Concave 


noses are found, however, more often with the mesocephalic type than 
with the dolichocephalic. The jaws are deep and massive, and very 
broad in relation to facial breadth. The general appearance of the 


. face is solid, but the relief is not bony, for there is generally a good 


covering of flesh, and naso-labial creases are often deeply marked. 
In pigmentation the hair is usually brown, the eyes frequently blue, 
and the skin reddish in exposed parts of the body, but pale where 
unexposed. 
C. Occasional Borreby survivors also turn up, but they probably 


form only about one-half per cent of the population. They are solidly 
built brachycephalics with extremely large heads and massive faces. 
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Body build is solid to lateral, but the arms and legs are usually 
rather long. Chest measurements, both anterior-posterior and trans- 
verse, are exceptionally great. | 

For a brachycephalic the great head size is exceptional, length alone 
often exceeding 200 mm. and the breadth is usually over 160 mm. and 
on occasion may reach 170 mm. In shape it is rather globular, and the 
post-auricular region is relatively short. The occiput though not high’ 
and flat after the Dinaric pattern, usually rises very steeply at first, 
and flattens off into the parietals. There is therefore definite flattening 
in the lambdoid region. The forehead is high and broad and usually 
steep. 

The facial region is large relative to the size of the head. Cheek 
bones are very broad, and the face is somewhat flattish in appearance. 
In contrast with this massive face, the nose is short, concave, and in- 
fantile, with a full upturned tip, and the nasal segment is short com- 
pared with the total facial height, the jaws being particularly deep and 
broad. The face is often fleshy, with heavily marked naso-labial 
creases, and a large mouth, though the lips are not particularly thick. 

The pigmentation is light, fair or red hair, blue or gray eyes, and a 
reddish skin. 

D. We often come across individuals with smaller heads who are 
of undoubted Palaeolithic affinities. From the measurements of head 
length, breadth, and height, and facial breadth, these would often fall 
within the standard of the Mediterranean category, but the configura- 
tion of the occipital and parietal bones, together with the facial relief, 
leaves no doubt as to their ultimate affinities. Usually their lateral body 
build is sufficient te identify them with the Palaeolithic stock. This is 
an instance where the conventional quantitative approach does not 
express form adequately, and may therefore be highly misleading. 

K. We are also inclined to the belief that many small-statured. 
small-headed mesocephalics are ultimately of Palaeolithic derivation. 
We found, for example, that if we took the small-statured meso-. 
cephalics, they fell into two groups, and the differences between these. 
groups paralleled exactly the differences between ‘‘Mediterranean’”’ and 
‘‘Palaeolithic’”’ types. It seemed likely therefore that one group of 
mesocephalics was ultimately related to the Palaeolithic stock. In 
investigating the mental hospital material, there has not been sufficient 
evidence to form an opinion on this matter. 

Nordics. The ‘‘Nordics’’ present one of the most difficult problems in 
our classificatory scheme. The concept of Nordic has usually been 
taken to imply blondism, but in the Irish population blondism alone 


= 
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cannot be regarded as indicative of ‘‘Nordic type.’’ In the first 
_ place observation suggests that blond hair is found with individuals 
of every conceivable physical type, and no one dominant blond type 
stands out. If we calculate the mean measurements for a group of 
_ blonds we do not find that they differ from a random sample of the 
population as a whole. 
In our initial studies therefore we rather ignored hair color as a 
_ racial factor and based our classification on metrical and morpho- 
logical features. 1t was then discovered that certain racial groups had 
definite distinguishing features in pigmentation also, and it was pos- 
sible to examine in rather more detail the differences between blonds 
' and brunets. In finding out what differences were associated with 
blondism we could use as a reference standard, not the mean for the 
total population, but the general typological scheme. The view reached 
was that we certainly could not speak of a stabilized Nordic type. Many 
' of the blonds appeared to belong to otherwise definable types. But 
there were continuously a number of differences. In certain cases 
these could best be regarded as the retention of certain infantile fea- 
tures. A number of other factors, however, would appear to be oper- 
ating. Environmental adaptation may have to be reckoned with, but 
- how or why, or in what degree, it is impossible to say at the moment. 
' We are inclined to the belief that the process of progressive blond- 
ism has been accelerated by mixture between certain types — possibly 
between Mediterranean and Palaeolithic — but new racial forms ap- 
pear to be rare, and the Nordicized individual shows a tendency to 
belong predominantly to one or other of the otherwise defined types. 
The classification proposed here is based on the supposed origins 
of the various Nordic elements. As a classificatory scheme it seems 
to work fairly well in practice. 
(a) Blond Atlanto-Mediterraneans. From the metrical and morphol- 
_ogical point of view these are often indistinguishable from the typical 
_dark Atlanto-Mediterranean, but as a group they show a greater 
frequency of concave noses, and the forehead is often rounder and 
smoother. On the other hand the legs and arms may often be longer. 
(b) Nordicized Mediterraneans. This covers all the remaining in- 
| dividuals of Mediterranean stock who have light hair and eves. 
(c) Beaker Proto-Nordic. These are long-legged, long-armed indi- 
| viduals, often with a reddish tinge to their hair, who have a somewhat 
short post-auricular region of the head, though lacking the brachy- 
cephalic form of the true Beaker. 
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(d) Nordic form Palaeolithic. These individuals often show a great 
ruggedness of facial feature, malar projection, or configuration of the’ 
skull that is typical of the Palaeolithic stocks, but they usually lack 
either the extremely broad face and projecting zygomatic arches, or 
else the great chest and bi-iliac width. | 

(e) Minority types include certain infantile ‘‘ Nordics’’ Mesocephalic 
heads, with rounded bulbous foreheads, short upturned concave noses, 
round fleshy faces, and short legs. These would often appear to be a 
foetalized Palaeolithic element. 

(f) Tall Mesocephalic Nordics. We occasionally find in the north of 
Ireland tall fair-haired mesocephalics. They are essentially of Mediter- 
ranean affinities, in the sense that they do not show either the lateral 
body form, ruggedness of cranial features, or configuration of the head 
that are characteristic of the Palaeolithic stocks. 

Their body build is athletic. They are tall, with very broad shoulders, 
relatively narrow hips, well developed chests, and fairly long legs and 
arms. Their heads are large (typical measurements 201 * 157 x 187) 
with broad high foreheads (MF 110). Brow ridges are usually strong. 
The temporal region is fairly full, the occiput rounded and occasion- 
ally flattish. The face is long and broad, usually with nec. | 
around 130 x 140— on the average above those of the Atlanto-Medi- 
terraneans and below those of the Palaeolithics. The nose is long, 
straight or convex in profile, the tip often fairly full, but the nostrils 
fairly thin. There is some slight lateral prominence of the malars. 
The lower jaw is generally deep. 

The hand is longer and broader than the average, with moderately 
long fingers. 

In pigmentation, the skin is pale or florid, the eyes blue, occasionally 
grey, and the hair light. 

Iron Age Types. The following types are much more easily distin- 
guished by observation than by metrical analysis alone. As far as 
can be judged from the scanty cranial evidence they are probably 
types which entered Ireland in the Iron Age. 

A. Keltic? This type is distinguished by the following features: 

(a) A mesocephalic, sometimes dolichocephalic head, with a rather 
low head vault. In the mesocephalics, at any rate, the height /breadth 
index is very low, but in many of the dolichocephalics it would appear 
to overlap with the range of the Atlanto-Mediterranean group. As seen 
from the side the profile appears almost semi-circular, and the occiput 
is rounded. From the back the profile is somewhat cylindrical with a 
rather constricted occiput. The forehead is wide, curved in profile, 
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and slopes back strongly. Brow ridges are slight, and frontal con- 
striction is not great. 

(b) The face is long and broad, with a long narrow nose, which is 
narrow in the root, has a prominent bridge (often a hooked nose), 

and a fine tip. Naso-labial creases are deeply marked. The jaw is 
generally fairly wide, but smoothly contoured. 

(c) The hair is dark or light brown, the eyes blue and the skin 
' pale. 

(d) The hair is very fine and exceedingly sparse; one of the com- 
_monest features is baldness on the top of the head. (In the Dinarics 
and Beaker types baldness is rarer and oceurs much later in life. In 
most individuals of Mediterranean type, the hair recedes first from 
the temples, and only secondary on top.) 

(e) Body build is linear, and they are particularly light-boned 
people of fine musculature. Though stature is average to tall, weight 
is unusually light. The shoulders are broad, the hips narrow, chest 
about average, and arms long. 

(f) The hand is apparently rather broad and fairly fleshy, and the 

bi-styloid wrist measurement appears to be great. 

B. The following type is one which would seem to be found very 
frequently among the working class urban population, but so far very 
few individuals have been measured. The description has been based 
| mainly on observation. 


OSE PS eet 


The head is medium in size and mesocephalic. The occiput is gen- 
erally rounded, the forehead slope is moderate, its profile straight, and 
_browridges slight to average. Eyebrows are long but sparse. The 

chief characteristic is the general prominence of the nose, which is 
: large, usually strongly convex in profile, and spreads out widely into 
_ the face. The face itself is both long and broad, though the depth of 
| the jaws is apparently not great. The general relief is coarse and 
, bony. 

Body build is usually solid and thickset — going from fairly linear 
_forms to athletic, but both the hyperlinear forms of the Atlanto-Mediter- 
, ranean and the extreme lateral of certain Palaeolithic forms are absent. 
| Stature is small, with a fairly long body. The shoulders are not very 
, broad. 

| The hand is slightly broader than the average, but is of medium 
length. It is fairly fleshy and the wrist is relatively thick. 

_ Pigmentation. The eyes are almost always light, either gray or 
| blue. 
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Hair. Colour is rather more variable but tends towards the lighter 
shades. The observation of this feature is complicated by the fact 
that greyness in the hair appears to come on fairly early. Skin colour’ 
is reddish white or pale. 

C. There also appears to be a small group in which the head profile, | 
as seen from the side, is somewhat like a parallelogram. A high, | 
strongly sloping forehead, gradual sloping backwards of the parietal 
bones, and a jutting occipital. This occipital form differs from the | 
curved, low-down projection of the Atlanto-Mediterraneans. The face 
is prominent, with strong malars, and the nose is long and strongly 
convex. 

We have, however, insufficient data regarding this type. 

In addition to these main elements certain minority types are 
occasionally found. 

(a) Tall brachycephalics with very dark pigmentation. They are 
broad-shouldered men and solid in build. They differ from the Dinarics 
in having a rounded and not a flattened occiput. 

(b) <A sub-variety of the dolichocephalic Mediterranean described | 
below (Corded type?) : | 

This variety is rather rare; but the same combination of differences | 
from the typical Atlanto- Meaitentienn form appears to recur in 
sufficient numbers in different areas to make it a definite subgroup. 

The cephalic index is hyperdolichocephalic (about 73) and the 
height/breadth index is particularly high. The parietal bones are 
steep, and the forehead high, broad, and flattish. The face is long and 
narrow, but the nasal segment is rather short, and the jaw is deep. 
The zygomatic arches are rather constricted and the jaw is generally 
narrow. The nose is usually straight or slightly convex. The occiput 
is flattish as seen from the lateral profile; it rises steeply, but is not. 
broad (and has a marked median ridge?) The hand is often fairly 
short, and the medius too is slightly shorter than the average. 

The stature appears to be fairly tall; and the body length relatively 
great. Shoulder width is average, the hee are narrow, and the chest 
is medium in width. The span is usually less than the stature. 


CORRELATIONS BETWEEN RACIAL TYPES AND TYPES OF 
PSYCHOTIC REACTION 


The first stage of the investigation was the measurement of a sample | 
of patients at Purdysburn Villa Colony, Belfast. A sample of 103 
individuals was obtained and a limited number of measurements were 
taken on several additional individuals (e.g. patients in bed). 


PHYSICAL TYPE AND MENTAL CHARACTERS PAL 


| Twenty-seven measurements were taken on each individual, and a 
number of observational details recorded. 

The patients selected were mainly schizophrenics or manic-depres- 
sives. Mental defectives (oligophrenia), epilepties, seniles, GPI’s were 
excluded. Any whose physical measurements were noticeably af- 
fected by old age, and any not derived from Ulster stock were sub- 
sequently omitted. But several of Scottish descent were retained, as 

_ they did not differ from normal Irish types. 

The mean measurements for the sample are given in table 2. They 
are all noticeably smaller than the means for county Antrim as ty- 
pified for example in the Ballymoney sample. The explanation for this 

| appears to lie both in the racial composition of the sample and in the 
| socio-economic status of the subjects measured. There is not sufficient 
evidence to imply general biological inferiority. The sample is mainly 
| from the city of Belfast and the general social status, revealed by the 
occupations (table 3), fairly low. The largest category is general la- 
bourer. We have no data relating to the city population, but a group of 
-miscellaneous unemployed — mainly from urban areas shows even 
poorer physical measurements (Walmsley, Mogey and Gamble, ’42). 
| We think the figures for the hospital sample would be about the aver- 
_age for the urban working class population. 

In its racial composition it shows some divergencies from the rural 
/population. For example the tall, large-bodied Paleolithic type which 
forms such a high percentage (up to 20%) of the rural samples, is 
|found only rarely in the city population. Less than 5% of the Purdys- 
burn sample showed any affinities with the Palaeolithic stock — and 2% 
‘at least were not natives of the city. As the men of this type were 
‘deliberately sought out from a larger number, the real proportion is 
‘certainly less — probably 4%. Nor are the other tall or strongly built 
‘types much in evidence. The tall Atlanto-Mediterranean group ap- 
pears to be much rarer than in County Antrim, and the dominant 
‘elements are the smaller-statured Mediterranean and Iron Age types. 
As will be seen in table 1 the means for the whole sample bear quite 
aclose resemblance to those of the small Mediterranean type as found in 
the Ballymoney area. In short it is considered that the differences 
between the means for this sample and the samples from County An- 
trim could easily be accounted for by differences in the racial compo- 
‘sition of the samples and by environmental conditions. 

The sample of just over 100 men, from such a heterogeneous popu- 
lation as that of Belfast was considered too small for a detailed statis- 
tical analysis. It was seen that certain racial types would be repre- 
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sented by only one or two individuals. We therefore relied on the 


general classification that had been worked out, and grouped each in-| 


dividual according to this scheme. At the same time this gave an excel- 


lent opportunity for trying out certain general ideas of classification, | 


and enabled us to acquire further descriptive data regarding certain of 


the types. 
TABLE 2 


Mean measurements. 


PURDYSBURN PEDERI SSED 
MBASUREMENT ABBREVIATION ut Mean of Mean of 
Mean No. Fatal Gp II 
Stature” oiscosc cme aces ST 1672 103 1720 1670 
Spanl Wacwerswers keels Sp 1709 101 1770 1670 
Sitting height raiaassrett 1 SH 877 103 910 900 
Weightr:)t eseaten estes WT &; ee ae 93 st. 
Bi-acromion width .......... BA 383 102 388 370 
Bisliaey ole aon Soe see sees BI 286 103 305 290 
Chest stransverse) a. catia sree 7 273 103 290 283 
anterior posterior ......... AP 216 103 224 215 
ciroumference ............ CC 830 103 910 870 
Head circumference ......... Hee 556 101 Aa ae 
Men others svacesccisiartetuarackereeters L 193.0 103 197.4 194 
Dread the wsemioc verasrienerice B 149.1 103 152.7 149 
MEIGHty srekos uence ayeesustnerrie H 136.6 103 136.8 136 
minimum, frontal... 526 oe. MF 107.9 102 107.0 104 
Face bi-zygomatic .......... BZ 135.8 103 140.3 135 
NaAgon, MENON) 0c) seisee NM 125.3 103 124.1 123 
upper facial height ........ UFH 74.6 103 ak zs 
Nose lon gthirrervatccactesrctets NL 58.3 103 54.4 54 
breadth) .se.sctterasamsersaor NB Rist 103 35.0 33.5 
Bigonial (width) 2y.-)s0s-sa< 0 BG 104.3 103 106.1 104 
iseyal Won  cadognosunntes HL2 190.3 * 103 HL190 188 
breadth? mack oss see cer HB2 86.1 * 103 HB 89.4 87 
IMOCIUSI PU Satitiy tee eee a ees LM2 109.2 * 103 
Dbizstyloids vc. cina cavity oct BS 59.1 103 
wrist circumference ....... Wee 169.2 103 
max. hand circumference .. MHee 230.6 103 
cicum, at knuckles ........ Kee 208 101 
@ephalichind exe ryceie sitar Co: 77.3 103 “772 16.7 
HR LOOM Aransas nner oe 91.7 103 89.6 91.2 
EDLY OOM crn rote nite errr ta 70.9 103 
NERY 00 bee ak ee oe sé (33 102 
INM/BZ,; = 10 Oia teers aerials dee 92.3 103 
ING LYANI SY ANNI) se onbaoseodooaee oe 60.8 103 
TLR IAE a choruses Oro neko es ene Pi 74.7 102 
ASP Ts, Ueyastyscennd el Ace oe ae se 79.3 103 
IN TANIM ier nerre ee eee ene se 46.5 103 
1 Ae eSB DAS te oes cas oad ene pon: a 52.5 102 


*, Difference in technique between this and Mr, Mogey’s work. 
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After the preliminary analysis of the Purdysburn sample certain 
general ideas suggested themselves, and racial types which were rep- 
resented by only one or two individuals were sought out in other 
mental hospitals and the type of psychoses recorded. Here it was not 
considered worth spending time on measuring, as further measurement 
added nothing to our knowledge of the types. It was found to be 
perfectly satisfactory to record descriptive data— about thirty ob- 
servations on each man. This had the advantage of taking much less 
time, and with certain types of restless patients was easier than meas- 

urement. It served well to establish an individual’s ‘‘racial identity.’’ 

First an attempt was made to correlate individual measurements 
and indices with the types of psychotic disorder. 


TABLE 3 


Table of occupations of patients examined: Purdysburn 


MAD OUT ra Tae eke asa ags plats sy cuders Gils Theiste id Gee aahee AGI ee angen ge cue wanes 37 
Trades — joiners, glaziers, painters, carpenters, etc. ............-.-. if 
Transport — Motor) drivers,, VAaNMeN® Vanesa sets ese clit stele asi stecos 4 
Soldiers Feailors 6. doves its don oie arora wiviaseyewin weve oie tere are eer eragereie el etsesenevens 8 
Mechnicians seractOny, MANGS 4c ccgekecelate atel sss eendievstelctis cetera otaie cata latatotoiore 10 
Ceres Bigs sas peu phate ve euelos chia cena ie igerasiurs Yope lave (oyctap suet @ stistenauayzie ssh ecevene eeu etl ae, 
Distribution — shop assistants, message boys .............+sseeeeee 6 
MASCelANCOUSE jy. tocmke tty erates shekero eyes ro raworel ates) cial evo erate atereterst ote eh Ora 16 
Unemployed mands unrecordedie ncrastaeys crete nore cise eels os eieie lool eieia/ lent a viol g) 
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In most physical features the correlations were absent or so low 
-as to be unsatisfactory. In the body measurements there were only one 
of two exceptions: 

(a) Span. Those individuals with wide spans showed a tendency 
for the manic-depressive reaction group. 14/20 with spans over 1780 
mm. were of this group, and there were only four schizophrenics. 

(b) Bi-iliae width. Slight correlation between broad hips and manic- 
depressive reactions. Of those with widths of over 306 mm. ten were 
depressives and five schizos. 

In weight, however, a most noticeable correlation was found. Of 
‘those under 8 stone, 5 lbs (117 lbs.), twenty-eight were of the schizoid 
and paranoid groups and only nine depressives. The average stature 
for these depressives was somewhat smaller than that of the schizoids, 

so that the weight was relatively more. 

In the group over 10 stone (140 Ibs.) only one schizophrenic was 
found, though there were nine depressives and several confusional 
and paraphrenia. In the next weight group 9.4 to 10 stone (126-140 
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| 

Ibs.) the depressives just outnumber the schizophrenics, 10 to 7, but 
the average stature of the schizoids is above that of the depressives | 
(14 em. taller). It would seem as if weight in relation to body size was | 
highly correlated with the type of psychoses. Unfortunately, there is 
no really satisfactory formula for epressing the body/weight relation- | 
ship. Formulae taking into account stature alone e.g. Wt are ex-| 
tremely treacherous, for different racial types have different types of | 
body form, e. g. two types of identical stature may have great differ- 
ences in the leg length/body length ratio. The only solution would be 
to measure the total body volume in a graduated bath and use this 
together with sitting height/stature and chest anterior-posterior/ | 
transverse indices. As weight would appear to be a partial function | 
of race, occupation, age, health, nutrition, time of year, ete., it was. 
decided that from the existing data it would be very difficult to pursue | 
the study of the correlation between weight and psychoses any further. | 
The group was then analysed into its racial elements. This was straight- | 
forward and 86% were eventually classified. 

The Mediterranean element. The Mediterranean element was the | 
dominant group in the sample. The tall Atlanto-Mediterraneans were 
few in number, but were entirely typical. The smaller dark variety 
was the most numerous, and a number of an infantile mesocephalic cat- 
egory were also found. A high proportion of the blonds (Nordics) 
were also to be regarded as of Mediterranean affinities. 

The Mediterranean group as a whole showed a great predominance 
of schizophrenic reaction types (table 4); especially so, if one took 
only the most typical individuals. The proportions were: 


depressive 16.4% 
confusional 7.3% 
paraphrenia 3.6% 
schizophrenia 72.8% 


On a pure chance distribution one would have obtained about equal 
numbers of depressives and schizophrenics. The depressives were then 
examined in detail to see if there were any features in which they | 
differed noticeably from the rest. The first obvious point was a dif-_ 
ference in age (table 5) — the average for the nine depressives was | 
44, whereas the average age of the schizophrenic group was katatonia 
— 28 and simple type — 25. The age at which confusional states oc- 
curred was also later than the true schizophrenia, and younger than 
the depressives. The age at which the depressive reaction occurs tends 
to be rather later than in the other racial groups (except the Palaeo- 
lithic) characterized by effective psychoses. A second noticeable point 
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was that whereas a relatively shallow chest is characteristic of the 

Mediterranean group as a whole, and especially of the schizoid group, 

the depressives very frequently had a.chest with an extremely high 

AP/T index. The average index is about 75, but in this group of nine 

depressives it is 91— the depth being almost as great as the width. 
TABLE 4 


Relationship of psychotic and racial types. 


PALAE- 


MEDITERRANEAN | 
| OLITHIC 
| § 
| a ¢ = | 
Goa as fl 2 | 
|} 235 rae es ee 3 Baad | s 
pe 23 eels ee ee ae eee 
| a 4 3 oo © © 3 eh BSP Se Pe 
[SS ea ge ee S| at eet le Be SS St Aicueeane 
gee ae mer Mey peace ihre: |Illed seme Mica be com Simi elnases Renker 
See SSSR AE| Sos 28 e | 8 as 
Manic depressive 
+ Involutional | 
melancholia | | 1 
| | 
Depression (le [arte ie Le aa Ts 8 ese i ah ay eh ihe a il & 
| 
| | | | 
| Elation Nie Nocatee ee ee a Re eae eee ll 
Alternation ee ae oe ee ret | ee) ae 
Co nfusional 2 il 1 ; 
Paraphrenia 2 
Paranoia on a, en te 3 
Schizophrenia 
| 
| Paranoid ree oycite are Eye as) ir 1 | 
| Katatonia pee wT vies | | 
i Hebephrenia [Ree SeuLeeAD Cheeses et) tLe. rs | 
' Simple Cat ine Gok toa TEN Oar heh 

* Mixed medit. — Dinaricised. 

There are possibly tendencies of differentiation within the Mediter- 
ranean group as a whole. The somewhat infantile mesocephalic type 
‘usually tends towards the simple type of dementia praecox, whereas 
‘the more masculine Atlanto-Mediterranean tends towards katatonia. 
‘The age at which the small mesocephalic Mediteraneans were admitted 
also tends to be younger than in the other groups, 23 compared with 


27-28 for the rest. 
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The group labelled Iron Age Nordic— group B, in spite of its, 
smaller numbers offered some extremely interesting contrasts with the 
main Mediterranean element. 

In the first place, the age of admission was definitely later — average 
39. Secondly, the number of paranoids found was very high. Only’ 
eight paranoids were recorded in the whole sample of 103, and six of. 


TABLE 5 


Age and psychoses. 


MEDITERRANEAN RACIAL GROUP 


Nordic 


Atlanto Basic Mixed Mesocephalic Gp.a & b Total 
Depressive .....00dceeess 36 (1) 46 (3) 47 (2) 41 (1) 43 (2) 44 (yg) 
Confusionalgy-s).)- sree 34 (2) 42 (1) 45° (1) 39 (4) 
araphronia piacere a0 se a ate 34 (2) 34 (2) 
Schizophrenia 
Katatonia; seiner caer 26 (4) 29 (6) 28 (1) 22 (2) 29 (4) 28 (17) 
hebephrenraeey-racoeeeees 25 (1) 30 (1) on Se ol 27 (2) 
Sim pled fuser reiorieleictatrets 29 (2) 27 (6) 21 (2) 24 (6) 26 (3) 25 (21) 
26 (2) 
Occupation 
subordinate: Ssccmiacdes 24 (2) 25 (7) oe 22 (6) 30 (3) 25 (18) 
technical and 
independent ......... 28 (5) 31 (5) Me 28 (2) 28 (3) 28 (15) 
AVERAGD AGE OF SCHIZOPHRENICS 
MEDITERRANEAN RACIAL GROUP BLD INET 
No. eo Group No. Age 
INOFdIGR Ea seein are ee 7 28 Mediterranean ........... 9 44 
Basie revs ciao ert toes 13 28 Dinaricor. cake eee 2 35 
“A tlantomernwinctren ce G df (Beakers ov sce coher ote 2 34 
SmallieAtiantomer ee 2 26 Nordics 
Mesocephalighenns eer 8 24 Brom Beaker... s02 4 39 
rom, Palaeols) see & 37 
Corded. sii een cere 2 34 
iPalaeolithicue. arene 5 53 


them turn up in this group of eleven individuals. In addition one of. 
the remaining individuals — classed as depressive, showed originally 
definite paranoid trends. The later average age of admission of this. 
group does not appear to depend entirely on the fact that paranoia 
is a disorder which comes on later in life. The age at which the few 
cases of schizophrenia occur are also very late. 


age 

e.g., hebephrenia 27 (al) 

d.p. simple 34 (1) 

schizo. paranoid 33 (3) 
paranoia 51 (2) (plus one age unrecorded) 


depression 39 (3) 
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The Nordic elements appeared to have the characteristics of the 
groups from which they were derived. Those mainly of Mediterranean 
affinities are characterized by schizophrenic reaction types, those of 
Palaeolithic and Beaker derivation by depression. In these individuals, 
_however, the average age at which depression occurs is very much 
earlier than in the depressives of Mediterranean stock. It is possible 
that paraphrenia occurs rather more frequently with Nordic types 
than with the ‘‘pure’’ Mediterranean, but the evidence is not really 
_ sufficient to enable us to decide the point. 
With regard to the characters of the Beaker racial type it is dif- 
ficult to associate them with any one standard psychotic reaction type. 
' Manic-depressive types, occasionally depression alone, appear to be 
most frequent. On the other hand, it is easy to give a general char- 
acterization which holds good for most of this type. It is essentially 
little control over their emotional and physical urges. There is quick 
and violent emotional release. They are apt to be ‘‘touchy’’ in tempera- 
)ment, often aggressively impulsive, sometimes violent without realiz- 
ing their own strength — instincts of self preservation are dominant, 
and not under control. 

Only one individual of undoubted Iron Age group A (Keltic?) was 
observed in Purdysburn, together with one who was possibly of this 
type. He was one of the few cases of the elated phase of manic-de- 
pressive reaction type. The doubtful individual was a depressive type. 
‘But a number of individuals of this racial type were observed in 
Antrim and Downpatrick. They were all amazingly active individuals, 
it being usually difficult to keep them still long enough for even ob- 
servational details to be recorded. They were all extremely talkative, 
with a continuous flow of language, and generally noisy, often abusive, 
and sometimes with paranoid attitudes. All the normal individuals 
of this racial type known to the author, show great ‘‘social activity’’ 
_ both in general quickness of body movement, talkativeness, and eager- 
ness. It is a type that finds itself on numerous committees, and delights 
in organizing. They only become socially dangerous either when a 
paranoid attitude is associated with such general activity, or when 
‘the general control over the activity becomes lost, and the motor ac- 
tivity controls the man. 

These are the only two types in which noisiness and violence seem 
indicated as a general characteristic, and it is unfortunate that at the 
moment we have so little information about the distributions of these 
racial types. If we had maps showing the frequency of these types and 
‘the relative frequency of these types of psychotic reaction, it would be 
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easy to see whether any fundamental correlation is found. (Both types | 
we should expect to increase in numbers as one goes south in Ireland, | 
though in the western peninsulas they would not be particularly nu- 
merous. ) 

Palaeolithic types. Of the few individuals of this stock in Purdys- 
burn depression was the main characteristic. The age of onset is” 
fairly late. Even with material from other hospitals it was difficult 
to associate them with any specific psychosis. A dull apathetic attitude 
was common, but delusions and hallucinations are sometimes found. A 
certain number of cases of mental defect were observed but it is 
doubtful whether this occurs with greater frequency than in the Medi- 
terranean group. Typical schizophrenic reactions are apparently not 
found, and there is none of the activity of the Beaker and Keltic types. 

As far as one can judge the mental characters of this type from 
knowledge of the normal population, one could say that they were 
very slow and cautious, generally pleasant, and mild tempered, but 
may become talkative when once started. On the average, general in-| 
telligence is probably not as high as in the Mediterranean group. Gen- 
eral reactions of body and mind are slow. | 

The Dinaric racial type is probably of mixed origins. It is funda-. 
mentally of Mediterranean affinities altered by other factors. Coon | 
believes this to be admixture with Alpine racial stock. If schizophrenia 
is associated with the Mediterraneans in general and depressive re- 
actions with the Alpine brachycephalics one should expect symptoms 
of both schizophrenia and manic-depressive groups. The two examples 
noted in Purdysburn were of depressive reaction types. On further 
enquiries one was found to have certain paranoid trends. In the 
Downpatrick and Antrim hospitals, men of this type were classed as 
paranoid and katatonic varieties. Hebephrenia, and simple dementia 
praecox were not found in any of the men of this type. One other 
important point may be noted. Epileptics were not examined, but it 
was realized afterwards that in noting Dinaric types, a very high per- 
centage of epileptics were picked out. Looking back it would certainly 
seem that the number of Dinarics who were epileptics was out of all 
proportion to the size of the Dinaric group as a whole. From memory. 
alone, I should say that about one in four of the Dinaric type en- 
countered were epileptics. 

A further characteristic noted amongst the Dinaric type in general 
is that a large number of them are exceptionally good technicians. 
It cuts across socio-economic boundaries, from dentists to fitters, weav- 
ers and electricians. And if in Ireland one connected them with the 
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early Bronze Age metal workers one would not, I think, be far wrong. 
If technical ability is found so frequently with this group, occupational 
therapy might prove of more than average value to men of this racial 
group. * 

CONCLUSIONS, REFLECTIONS, AND SUGGESTIONS 


The general conclusion reached from this survey is that definite 
correlations between mental and physical characters seem indicated. 
The high correlations between certain types of psychoses and certain 
racial types together with the factors of age, and development, suggest 
that the constitutional aspect is of prime importance. At the same time 
neither psychiatry on the one hand, nor anthropology on the other, 
has progressed sufficiently to prove satisfactory conditions for the 
study of the correlations. We think, however, that if we can succeed 
in classifying a sample into racial types differences in temperament 
will be found between these groups. If the typology is not clear cut, 
then the mental characters appear also to be mixed. * 

Looking back on this first excursion into the field, one feels that 
rather too much has been based on too little data. At the same time, 
it has fulfilled its avowed object —a general survey of the field — and 
should provide a useful starting point for any future work. Given 
time and opportunity it should be fairly easy to obtain more precise 
data relating to the problem, and results of supreme importance might 
be achieved. 

For a satisfactory investigation, I consider that at least 1000 patients 
would need to be examined. (I am thinking in terms of Ireland only, 
where we have the necessary background — knowledge of the normal 
population, both the data collected by Mr. Mogey, and by the Harvard 
expedition, whose results are still unpublished). A minimum of fifty 
for each racial type would certainly be required. A detailed case study 
would have to be made for each patient, and the symptoms of abnor- 
mality reclassified statistically. 

3This view as to the Dinaries being good technicians relates only to Ireland. It is not 
meant as characterizing the European Dinaries as a whole. Nor is it really a ‘“scientific’’ 
statement of fact, but it is hoped that other investigators will watch out for this point and 
produce evidence for or against it. 

*Summarizing our own opinion about the classification. we regard the following types as 
well established and defined: 

Beaker; pure Dinaric; Atlanto and basic Mediterranean; Palaeolithie-dolichocephalic; 
mesocephalic large-headed type and Borreby. Tron Age A is fairly definite, but it is difficult 
to say at present when it runs into the Neolithic Mediterranean gruops. With regard to the 
rest, we require still further data and confirmation. The classification of the Nordics is making 
the best of a difficult situation. From the studies completed since this scheme was first worked 
out it seems quite satisfactory. 
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In brief, for any one who combines the training of an archaeologist, | 
anatomist, statistician, psychiatrist, sociologist, and has the capacities | 
of a calculating machine, an extremely attractive field lies open. 
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.THE STONE AGE OF MOUNT CARMEL. THE FOSSIL HUMAN RE- 
MAINS FROM THE LEVALLOISO-MOUSTERIAN. Volume II. By Txe0- 
porE D. McCown anp Sir ArtHur Kerru. Oxford Univ. Press, Oxford. xxiv 
+ 390 pp., 88 tables, 247 figures, 28 plates. 1939. ($20.00). 


The fossil human skulls and skeletons found in cave burial-places on the western 
slope of Mount Carmel form the subject of this study. They come from the 
_ Levalloiso-Mousterian layers of Mugharet et-Tabin (Layers C, B) and of Mugha- 
ret-es-Skhtl (Layer B). The artifacts and fossil faunas of the strata in which 
the human remains were imbedded have been: described in volume I, The Stone 
Age of Mount Carmel (D. A. E. Garrod and D.M. A. Bate, Oxford, ’37). 


The skeletal material gathered from Mugharet-es-Skhil represents ten individuals: 
/Skhul I, a male infant about 4-43 years of age; Skhil II, a female 30-40 years old; Skhul 
IIT, an adult male; Skhil IV, a male, 40-50 years of age; Skhil V, a male about 30-40 years 
old; Skhal VI, a male, 30-35 years of age; Skhul VII, a female, 35-40 years old; Skhul VIII, 
a male child, between 8 and 10 years of age; Skhul IX, a male 50 years of age; Skhul X, a 
male infant about 5-53 years of age. The material gathered from Mugharet et-Tabin consists 
of the bones of two individuals; Tabiin I, a female about 30 years old and Tabun II, a male, 
30-35 years of age. In none of the cases are the skeletons or the skulls complete, and some in- 
dividuals are represented by only a few bones. Skhul III, for instance, is only known by parts 
of the left leg and Tabin II only by an isolated mandible. All of the skulls have been crushed. 
|Skhual IV and V are the most complete; then follows Tabin I. The rest of the skulls are very 
defective. 


The Skhtl individuals were associated with a characteristic Levalloiso Mous- 
terian industry; the two Tabtn individuals with an archaeological layer which 
yielded implements of a type almost indistinguishable from those of the Skhtl 
stratum. In the fauna, however, there is a sharp change — not between the layers 
of Skhdl, on the one hand, and Tabtn, on the other but between the Layers C and 
B of Tabtn itself. The proportion of the animal forms has altered. The most 
abundant bones in Layer C are those of wild oxen while gazelles dominate Layer 
B. Layer B also lacks certain species which are characteristic of Layer C. But 
the human individuals, Tabin I and II belong to Layer C, and the fauna of this 
layer et-Tabtn is the same as that of Skhtl. From the anthropological viewpoint 
it is important that the human population was not affected by these changes. The 
Tabtn man and woman were contemporaneous with the Skhtl population and 
both lived before the time of the faunistic change. Only isolated teeth and frag- 
ments of a maxilla with some teeth belong to the later period of TabUn (Layer B). 
Each separate bone of the skeletons found both in Skhtl and Tabtn deposits 
has been thoroughly described, measured, illustrated by drawings or photographs 
and compared with suitable representatives of Neanderthal and modern man. A 
great work worthy of admiration and imitation has been produced, and one which 
is of lasting value because of its documentary character. Furthermore, it should 
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be an extremely valuable work of reference particularly for its anatomical de- 
scriptions of bones heretofore unavailable or inadequately described. 

Although the existing differences between the individual specimens are not un- 
important, nevertheless in so brief a review as this it is impossible to refer to each 
of them. Twenty-five diagnostic characters are established by the authors and 
these are as follows: 


Men tall (1700-1787 mm.). Women, short (1537-1580 mm.). Head strongly dolichocephalic, 
or mesocephalic (index 68.0-77.0). Vault of medium or above medium height (length-auricular 
height index 54.4-63.0). Calotte-height-index 41.0-60.9. Well-developed supraorbitals but 
with a tendency to separate into a medial and a lateral portion. Forehead moderately full 
(frontal angle 62°-90°). Occiput slightly projecting. Face of moderate length, usually orthog- 
nathous (facial angle 73.5°-97°). Malar bone flat and anthropoid-like. Maxillae devoid of 
canine fossae, usually without a snout. Orbits wide but not high (width 42-46 mm., height 
30-37 mm.). Nose variable in projection and width (index 52.8-58.6). Subnasal area wide. 
but not deep. Mandible variable: some small, some large; some robust, some weak. Chin, 
absent or moderately developed. Mandibular ramus wide or moderately wide; mandibular 
angle moderately developed. Teeth large or moderate in size; molars with certain primitive 
characters. Spine showing certain Neanderthaloid features and others like those in modern 
man. Adaptation to bipedal progression as perfect as in modern man. Lower limbs long. 
Cranial capacity ranging from 1271 cc. (Tabin woman) to 1587 cc. (Skhul man). Brain show- 
ing no decided difference in size or form from that of modern man. 


In a second, more specific list, embracing all characters of the whole skeleton, 
the authors arrive at the conclusion that the Mount Carmel man has 16 (14.4%) | 
characters in common with Neanderthal man and 32 (28.8%) in common with 
modern man (Cro Magnon man). Forty-six characters or 41.4% are intermediate 
between Neanderthal and Cro-Magnon man. Thirteen (11.7%) of the characters 
are indeterminable and 4 (3.6%) are peculiar to the type. The Mount Carmel 
people, the authors conclude, are much more akin to the Cro Magnons than to 
the Neanderthal people of western Europe. As to the relationship of the Mount 
Carmel population with the paleolithiec peoples outside Europe — with the ex- 
ception of those represented by the Galilee skull — the authors take this position : 
“‘their relationship to the prehistoric peoples of the East is distant both in space 
and time’’, 

In one respect it is very difficult to follow the authors’ ideas. They stress the 
fact that the Mount Carmel population consists of two types. One is represented. 
by the female skull (1) of the Tabtn deposit, the other by the male skull (V) of 
the Skhtl deposit. The former represents a typical Neanderthalian with low 
cranium, receeding forehead and chinless mandible. The second belongs to a 
peculiar type—so far unknown — with high cranium like the Galilee skull, 
vertical forehead and very pronounced supraorbitals but with a well-developed 
chin like that of modern man. Yet in their analysis of the Mount Carmel popu- 
lation and its comparison with other paleolithic types the authors treat this popu- 
lation as a unit although the Tabtn I type may have had other relations than the 
Skhtl V type. The authors’ statement that the Krapina as well as the Ehrings- 
dorf people find their closest resemblances with the Neanderthal peoples of 
western Europe and not with the Palestinians can only be maintained by neglect 
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of the Tabtn-type. For the same reason they are not justified in stating that 
‘“‘the Neanderthal of Europe is not found among the Mount Carmel people’’ but 
at the same time to claim that ‘‘the Krapina type, the Steinheim Skull and the 
| Ehringsdorf group approach very closely to the Tabin woman’’. The so-called 
' ‘*Neanderthalians’’ of Europe are no more a unit, morphologically speaking, than 
the Mount Carmel population. On the other hand, the only representatives of 
_ modern mankind with whom the Palestinians have been compared are the Cro 
_ Magnon and the Predmost people. The Cro Magnon is put forward as a ‘‘Eu- 
. ropean, Caucasian or white’’. The modern-man-type which ‘‘makes its appear- 
| ance amongst the Skhtl people’’ is regarded, according to the authors, as ‘‘a 
| very particular form of modern man’”’ but ‘‘one of the white or European type’’ 
1 On such a basis McCown and Keith finally arrive at the conclusion that the Mount 
' Carmel people are not the actual ancestors of the Cro Magnons but ‘‘ Neander- 
‘ thaloid collaterals or cousins which must have evolved somewhere in western 
) Asia.’’ 
In this reviewer’s opinion, the essential fact which came to light in the dis- 
covery of the Mount Carmel population and in their excellent description by 
| McCown and Keith is that we are confronted — for the first time — with a popu- 
lation which consists of both ‘‘Neanderthal’’ types, such as the TabUn woman, and 
several, morphologically more advanced types. The Skhtl V man who is con- 
sidered characteristic of the Skhtl population is not yet modern man although 
he has already developed a high cranium, an erect forehead and a chin. Yet he 
still has pronounced supraorbitals although they are on their way to disintegra- 
tion like those of typical Neanderthalians. The Skhtl V man is, therefore, a 
transitional form between the Neanderthal types and modern man, the latter 
being represented rather by Skhtl IV and IX with supraorbitals much less de- 
| veloped than in Skhtl V. 
The explanation given by McCown and Keith for the contemporaneous occur- 
. rence of Neanderthal type (Tabtn I woman) and of forms intermediate between 
this and modern man is a very complicated one and one which may be best under- 
stood with reference to Sir Arthur Keith’s previous attitude on the question of 
| Neanderthal man. The occurrence is not ‘‘due to miscegenation’’ but to ‘‘an 
evolutionary divergence’’ (italics mine), the authors assert, as the Mount Carmel 
population were presumably ‘‘in the throes of an evolutionary change’’. If the 
‘latter assumption is accepted, the best interpretation would seem to be that Skhtl 
'V, morphologically ranging between Neanderthal and modern man, is a new 
type, and evolved from the Tabtn I type, advancing, therefore, in the direction 
1 of modern man. Whether this evolutionary movement is in the direction of Cro 
Magnon man or any other form of the Upper Paleolithic European or North 
African does not matter much. 
' Unfortunately, the authors do not make their precise position explicit. Long 
before the Mount Carmel population was discovered, Sir Arthur Keith always 
) clung to the idea that Neanderthal man formed a mere side branch of the main 
‘human stock and represented a blind end in human evolution. He believed that 
- modern man took origin from an ancestor (so far completely unknown) who 
‘united an anthropoid mandible with a human brain case —like the ‘‘Koan- 
'thropus’’ chimaera. It would seem, therefore, that Sir Arthur Keith’s present 
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views are not consistent with those he formerly advanced. The ‘‘evolutionary | 
divergence’’ mentioned earlier means that, before the Mount Carmel time, there 
was a common stock ‘‘the individuals of which were undergoing differentiations 
along, at the least, two directions — toward the pure Neanderthal type and to- 
ward recent-man type represented by the early people of Cro Magnon’’. The. 
Mount Carmel people show ‘‘divergence’’ into these two types. | 

As the authors claim that these people are ‘‘in the throes of an evolutionary | 
change’’, they seem to believe this tendency to diverge was not finished but was — 
still going on. What has happened to the two diverging forms, the Neanderthal | 
type of Tabtn and the intermediate type of Skhtl is not indicated. Has the 
former died out? And into which form of modern man has the latter been trans- 
formed if a direct change into the Cro Magnon man is not acceptable? The 
authors do not dwell on these details. They leave it to the reader to be satisfied © 
with their story. 


FRANZ WEIDENREICH 
American Museum of Natural History 


CHIMPANZEES: A LABORATORY COLONY. By Rosert M. Yerkes. Yale 
University Press, New Haven, xv + 321 pp., 1943. ($5.00). 


Following his retirement as Director of the Yale Laboratories of Primate 
Biology, Professor Yerkes has written a fascinating book entitled ‘‘Chimpan- 
zees’’. This book describes the living, acting chimpanzee as revealed by Yerkes, 
his students, and associates. The writer calls it a ‘‘composite portrait of chim- 
panzee personality done in terms of behavior’’. The vividness and clarity of the 
description would make this book enjoyable to anyone interested in animals, even 
if the subjects were not as inherently fascinating as the livliest of the great apes. 

‘“‘Chimpanzees”’ is divided in three main parts. Part one is a general descrip- 
tion of social behavior and life cycles. Part two deals with mentality and the 
experimental procedures used to reveal the mental world of the chimpanzee. 
Part three is devoted to the problems of housing, feeding, and care. 


There is a selected bibliography for those who wish to pursue any particular 
topic. Sixty-three plates, many of which are composed of three or four pictures, 
illustrate every phase of the account from cages to parturition. Photographs, | 
supplemented by diagrams, are of great aid in understanding the psychological 
experiments. 

The epilogue, “‘The Story of an Idea’’, will be of particular interest to the | 
anthropologist. This part might well be read directly after the prologue. Yerkes 
points out that his purpose was to develop laboratory animals useful in problem 
solution. This practical point of view permeates every part of this book. The 
reader will get an insight into the problems and methods of a branch of experi- 
mental science which will be even more valuable to many than the account of the 
latest ‘‘servant of science’’, the chimpanzee. 


S. L. WasHpurn 
College of Physicians and Surgeons 
Columbia University. 
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CHILD DEVELOPMENT; PHYSICAL AND PSYCHOLOGICAL GROWTH 
THROUGH THE SCHOOL YEARS. By Marian E. BreckEnrIDGE AND E. 
LeE Vincent. W. B. Saunders Co., Philadelphia. ix + 592 pp., 37 figs., 1943. 
($3.25). 


The amount of information about child development has increased tremend- 

ously during the past few years. Consequently a volume of this type ‘‘. de- 

_ signed for professional students in psychology, teacher training, home economies, 
medicine, nursing, and social work as well as parents’’, is a welcome and highly 
useful addition to the literature of the field. 

The organization of the book is excellent. The writing, with occasional excep- 
tions, is lucid; understandable to the intelligent layman as well as to those with 
professional training. The documentation is extensive and pertinent, and the 
addition of a bibliography of 806 judiciously selected titles provides adequate 
opportunity for the reader to examine in more detail special subjects which are 
of particular interest to him. The work is up-to-date as well as comprehensive — 
a feature in itself of sufficient importance to warrant its recommendation. 

Some errors in fact are apparent. The reviewer’s opinions do not coincide in 
all points with those presented by the authors or some of the cited authorities. 
To call attention to these errors and opinion differences in a review is unduly to 
magnify their importance and consequence. To avoid error completely or to 
fail to attain some opinion difference is an impossible task in a work of this size. 
The authors exhibit a sound scholarship and a freedom from bias which markedly 
supersedes their occasional departures into speculative and wishful thinking 
realms. 

Several important contributions of Physical Anthropology to understanding 
of child growth are discussed. Many suggestions, implicit and explicit, are given 

which merit the attention of professional workers in physical anthropology and 

human biology. Certainly the volume is a useful addition to the library of any 
individual who, either professionally or parentally, is concerned with under- 
standing children. The reviewer recommends it without further qualification. 


Byron O. Hucues 
University of Michigan 


AN APPRAISAL OF CONSTITUTIONAL TYPOLOGIES. By Wu. 
ARMAND Lessa. Am. Anthrop., vol. 45, no. 4, Pt. 2, 1943. (No. 62 in the 
Memoirs of the American Anthropological Association). 


In this monograph J.essa attempts to point out the many obstacles ‘‘ which balk 
the achievement of more convincing success in this newly emergent discipline.’’ 
He states that workers in the field of human constitution have directed most of 
'their efforts to the study of morphology and that they have tried vainly to show 
relationships between body build and such imponderables as temperament, per- 
sonality, intelligence, criminality and the like. He feels that they have failed ‘‘to 
take full recognition of the obscuring factors of the socio-economic environment.’’ 
One of his conclusions is that the fault lies not so much with the students of 
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human constitution and their inadequate techniques, but that most of the blame. 
rests on the shoulders of psychologists, psychiatrists, medical men and others, | 
who have not supplied adequate correlations. He suggests that, ‘when the other 
sciences have set their own houses in order, then they will be able to turn over 


to constitutionalists material which is suitable for research along the lines of | 


biotypology.’’ 

Now it is interesting to note that most of the so-called constitutionalists are 
themselves psychologists, psychiatrists, medical men and others who have come 
to the conclusion that their disciplines are in need of revision and who have 
therefore turned to the study of the whole man for a solution to their problems. 
The point is not so much that constitutionalists must wait until other disciplines | 
are set in order, but that the investigators in these other fields are turning to the 
constitutional point of view to aid them in doing just that. | 

In a discussion of criminality as one of the ‘‘inadequate’’ phenomena which | 
have been linked to morphology Lessa berates the positivist school, represented 
by Lombroso, Goring and Hooton, for claiming that criminals as a group exhibit 
certain morphological characters which differentiate them from the non-criminal 
population. After firmly convincing himself that morphological criteria cannot 
be relied upon to explain the biological character of criminality he suggest that, | 
‘“Constitutionalists might do well to abandon further research. The results will 
always be negative.’’ He further states that, ‘‘Since crime is a breach of social 
convention, criminal motivation must be studied from the sociological and 
psychological approaches.’’ 

In this discussion of criminality it is unfortunate that Lessa has elected to give 
a biased critique of the various criminal studies by pointing out only their weak- 
nesses. The reader of his monograph is left with a distorted idea of the value of 
the work done in this field. Lessa presents only one side of the picture. He has 
nothing to say about the many important contributions these studies have made. 
Unfortunately, he seems to have become impatient with constitutionalists because 
they have not yet evolved techniques which are able to prove once and for all that 
there is something to the theory that a criminal’s constitutional make-up (which 
inevitably includes physique) is in part responsible for his mode of behavior. 
Granted that morphological studies are not entirely convincing, the work already 
accomplished by and large does show certain trends in the direction of correla-| 
tions between the physique and temperament of the criminal. If everyone were. 
convinced that criminality has been adequately explained by the sociologists | 
then, of course, there would be no need to delve further into the possible consti- | 
tional bases for this phenomenon. 


In the section on bodily disease Lessa makes some rather dogmatic statements | 
apparently without foundation. For example, he says, ‘‘An important considera-. 
tion which researchers have shunned is this: Under what category of disease is 
a given subject to be placed? The pratice has been to draw patients from hospital | 
wards and clinics, classifying them only on the basis of current illness.’’ In reply 
to this accusation it must be stated that such is not the procedure at most of the 
centers where clinical studies are being conducted. In studying any particular 
disease group it is obviously of the utmost importance to eliminate from the series. 
any cases which are not clear-cut diagnoses or are complicated by a history of 
other diseases. : 
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Lessa indicates a lack of knowledge of constitutional medicine when he states, 
for example, that, ‘‘a person with a history of cholelithiasis should, by all the 
irules of biotypology, never develop gastric ulcers.’’ What are these rules and 
lwho made them? We are well aware of the fact that numerous individuals are 
capable of producing double lesions, i.e., gall bladder disease and peptic ulcer. 
These are exceedingly interesting cases and are studied as a separate group. 

There is more than a suggestion in this monograph that Lessa has not steeped 
‘himself in the literature of constitution before attempting to appraise it. It is 
obvious that he has not read deeply into the original works of consitutionalists, 
but has preferred in many instances to give a rehash of other people’s criticisms. 
In his extensive bibliography there are many glaring omissions of original con- 
‘tributions in the field of human constitution. The implication of these omissions 
is that here is one reason for Lessa’s insinuations that constitutionalists have not 
proved much. Although this monograph is on Constitution, Lessa does not men- 
tion many of the important studies. 
| Lessa also attempts to show that there are no acceptable methods for apprais- 
ing such phenomena as temperament, intelligence, and functional disorders of 
the mind and that, therefore, it is a hopeless task to try to find correlations be- 
itween these phases of the total personality and body build for which again there 
appear to be no adequate descriptive techniques. The picture as painted by Lessa 
is indeed a pessimistic one. Such would not be the case, however, if he had been 
willing to point out the many noteworthy contributions and advances which 
have been made in this field rather than to fill his monograph with insinuations 
that what has been done has been either futile or done very badly. The fact re- 
mains that the mass of evidence already accumulated clearly supports the theory 
of the unity of the organism. Even greater progress will be made when all in- 
vestigators in this and other fields accept the proposition that there is no dichotomy 
of mind and body and that in order to understand individual variations it is 
necessary to study the whole man. 


C. W. DUPERTUIS 
The Presbyterian Hospital 
New York 


FINGER PRINTS, PALMS AND SOLES: AN INTRODUCTION TO DER- 
' MATOGLYPHICS. By Harotp CumMINS AND CHarLes Mipuo. The Blak- 
iston Co., Phila., xi + 309 pp., 1943. ($4.00). 


The character and contents of this book may best be indicated by quotations 
from the preface: —‘‘There is a prevalent but mistaken notion that dermato- 
zlyphies have no importance beyond their use in personal identification. Perhaps 
because the publications of research are scattered and the generalizations hidden 
in complexities of descriptive methods, it is not generally appreciated that the 
patternings of epidermal ridges on fingers, palms, toes and soles have broader 
and more fundamental significance. The configurations are formed in the early 
fetus and they persist unchanged. Their variants exhibit differential trends 
among races, between the sexes and among constitutional types. . . . For those 
f a biological turn — especially anatomists, physical anthropologists, physicians 
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interested in constitution, geneticists and zoologists — the book is intended as a_ 
means of acquaintance with a relatively neglected aspect of human biology.’’ 


This reviewer has long contended that dermatoglyphics is definitely a branch | 
of physical anthropology and should be sedulously cultivated by anthropologists | 
instead of being generally overlooked by them. Hitherto there has been no single 
publication adequately serving as an introduction to the somewhat complex but 
not too difficult techniques of dermatoglyphics. This book is likely to become a 
standard working manual for students of the subject everywhere. If all of us 
who are engaged in dermatoglyphic research were to follow the standards and 
methods set forth in this volume, we would understand one anothers’ publications 
more easily than we do at present. There is no better standard to follow, for the 
authors have had a long and extensive experience in the field and are in a better 
position than any others that we know of to set standards. 

The book is arranged in three parts, each of which is accompanied by an ex-, 
tensive bibliography, which should be valuable as a guide to both old and new 
students of dermatoglyphics. Part I supplies historical background and general 
orientation in the field. Part II deals with methods of printing, description of 
types of ridge patterns and configurations and methods of formulating these. 
Part III is devoted to the more fundamental biological phases of the subject and 
is the part that especially needs to be summarized in a review such as this. Of 
peculiar interest to anthropologists are Chapters 9, 12, 15 and 16. 


Chapter 9 deals with comparative dermatoglyphics and shows how this study 
affords additional means of estimating the affinities of the various Primate groups. 
This estimate closely follows the orthodox phylogenetic tree. Thus, assuming that. 
prominent, circumscribed volar pads with associated whorl and whorl-like pat- 
terns constitute a primitive condition, and lowered and less discrete pads and 
less complex patterns (loops, arches, open fields) are more specialized, the fol- 
lowing seems to be true: Four genera of prosimia (Nycticebus, Galago, Lemur, 
Tarsius) show diversified pattern development, with Tarsius considerably special- 
ized and hence off the main line of Primate evolution. The New World monkeys 
are again diverse with the following trend toward specialization: Oedipomodas, 
Callithrix; Saimiri, Abus; Lagothrix, Alouatta; Ateles. The Old World monkeys’ 
(Papio, Pithecus, Cercocebus, Lasiopyga, Erythiocebus) show the least specializa- 
tion and, in size and form of ridge patterns, are exaggeratedly primitive. Man 
exhibits more primitive patterns than any of the great apes, with Orang, Gorilla, 
Chimpanzee and Gibbon showing more specialized patterns in the order named. 


In man, it is interesting to note that, generally speaking, finger pattern in- 
tensity (high intensity, primitive; low intensity, specialized) decreases from 
north to south in Africa, Asia and the Americas, but from south to north in. 
Europe. The yellow-brown peoples include those with the most primitive con- 
figurations, while Bushmen, Hottentots, Efé (African pygmies) and the Nordic 
Whites are the most specialized in this respect. Other Negroid and White groups 
stand intermediate in degree of pattern intensity. Interestingly enough, the a | 
closely resemble the White group in this regard. 


Chapter 11 deals with symmetry and other aspects of special morphology and 
should be read by students of bilateral asymmetry, reversed asymmetry and 
mirror imaging. Chapter 12 discusses the genetics of ridge patterns and config- 
urations and shows that this field has a real place in the rapidly growing subject 
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of human genetics. Chapter 13 deals with the use of dermatoglyphics in twin 
diagnosis. While acknowledging the great value of such materials when used in 
conjunction with other data, the authors are somewhat sceptical of the validity of 
dermatoglyphies as a sole criterion in twin diagnosis. 


Chapter 15 is concerned with racial variation in dermatoglyphics. As in many 
other traits used as racial criteria, there appears to be greater intraracial than 
interracial variability. The real differences between races with respect to such 
characters are purely statistical and to be explained on the basis of differences in 
\different races in varying concentrations of the genes of several patterns and 
configurations present in all races. 


+ Chapter 16 deals with constitution and its relation to dermatoglyphics. Con- 
istitutional trends are revealed by statistical analysis. Thus, there are significant 
correlations between pattern intensity and cephalic index, nose form, blood 
groups; and there are marked sexual differences. There is considerable differ- 
ence statistically between right handers and left handers. Races differ markedly 
‘in arch-whorl indices. Some pathological conditions seem to be correlated with 
pattern intensities; others do not. Schizophrenies seem to have a lower pattern 
intensity than controls in the general population; epileptics show a similar 
trend ; while mongoloid idiots show the most pronounced reduction. There are no 
ignificant dermatoglyphic trends among feeble minded, imbeciles and idiots. 

For those interested in personal identification Chapter 8 will be found highly 
instructive. Chapter 10 on the embryology of human volar pads, and Chapter 14 
on the use of dermatoglyphics in cases of questioned paternity, represent inter- 
esting side lines of this large field. 

For any student of human biology desirous of adding to his repertoir a new 
and fascinating research technique the book is highly recommended as a teacher 
of technique, method of formulation and statistical analysis. The book-making 
and typography seem to be flawless and the figures are of high quality and prac- 
tically all original. The book should serve to put dermatoglyphics on the scientific 
map. 


H. H. NEwMAN 


RACE AND CRIME. By Wiui1am ApriaAaAN Boncer. Translated from the 
- Dutch by Margaret Mathews Hordyk. Columbia University Press, New York, 
xi + 130 pp., 1943. ($1.50). 


| This slender volume is a translation of the last work of Prof. Adriaan Bonger, 
who was accounted one of the foremost Dutch eriminologists. Nearly half of it 
is devoted to an elementary summary of various opinions as to the significance 
and definition of race and to a historical review of what criminologists have said 
about the relation of crime to race. The author appraises this latter very low 
grade material with clarity and reasonableness. The rest of the treatise is given 
over to ‘‘ease studies.’’ The only data presented that can be regarded as racial 
comparisons of criminality are a few tables extracted from the United States 
Census and the Uniform Crime Reports of the Bureau of Federal Investigation. 


These compare Negroes and Whites. For the rest, there is an interesting dis- 
( 
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cussion of Jewish criminality in several European countries (valid in this con- | 
nection only if the Jews are admitted to be a “‘‘race’’). Finally, on the exceed- | 
ingly dubious assumption that this or that of Ripley’s European races is pre-_ 
dominant in a specific country of Europe, the statistics of criminality in that | 
country are offered in evidence as bearing upon the relation of race to crime. 
The results are negligible, as is inevitable from the quality of the data. | 

If one adheres to a strictly anthropological definition of race, there is no way | 
of studying its relationship to criminality except an anthropometric survey of | 
criminals. This reviewer, as a result of a considerable experience in this kind of | 
work, is of the opinion that economic status, social environment, ethnic tradition, | 
and individual constitution are severally more important as etiological factors in 
criminality than race, anthropologically determined. Nationality and national | 
origins, with their implications of social tradition and specific racial blends, are 
eriminologically far more meaningful than physical combinations in the indi- 
vidual whereby a racial diagnosis can be made. Professor Bonger seems to have 
had a sound point of view and he reached the only conclusion possible from his 
materials — namely that they prove nothing. 


EK. A. Hooton 


Harvard University 


NOTES 


SUPPLEMENT TO THE JOURNAL 


Various members of the Association have suggested that such subjects as fossil 
‘man and constitution be summarized in the Journal. Articles of this type ob- 
\viously would be useful to the specialist and particularly to all those teaching 
\physical anthropology. However, the Journal is primarily a medium for the 
(publication of original research. Therefore, it has been suggested that there be 
a yearly supplement devoted to such summaries. It is hoped that this supplement 
‘can be added as soon as restrictions due to the war are removed. 
EDITOR 


ANOTHER PROPOSED CHANGE IN THE BY-LAWS 


Article VI, section 2, in the by-laws of the American Association of Physical 
Anthropologists, states the requirements for Life Membership. No proposal for 
changing this section was included among those listed in n. s. vol. 1 (pp. 221-224). 
However, owing to the fact that subscription to the Journal was added recently 
to the annual dues, the cost of Life Membership is now unreasonably low. The. 
Executive Committee suggests, therefore, that at the next annual meeting the 
Association vote to decide whether the privilege of Life Membership shall be 
withdrawn. 

S. L. WasHBurn, Secretary. 


INTERNATIONAL INSTITUTE FOR AFROAMERICAN STUDIES 


In response to the unanimous desire of the First Interamerican Demographic 
Congress favoring the scientific study of Negro populations in America, a group 
of delegates and investigators formed, on October 20, 1943, the International 
Institute of Afroamerican Studies with headquarters in Mexico City (Moneda 
13). Officers are: 


Dr. Fernando Ortiz, Director 

Dr. Gonzalo Aguirre Beltran, Sub-Director 
Dr. Jacques Roumain, Secretary 

Dr. Daniel F. Rubin de la Borbolla, Treasurer 
Dr. Jorge A. Vivé, Director of Publications 


The Institute proposes to study Negro populations of America in their biologi- 
cal and cultural aspects and their influences on the remaining American peoples. 
The Institute’s functions can be summarized in two points: 

1. Investigate all aspects of the Negro population of America, not only that 
of the past but that of the present ; 
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2. Inform the governments, and public as well as private institutions on Thee 
matters whenever such information is requested. 

The Institute intends to publish an Afroamerican study magazine as one of its 
principle tasks and will make every possible effort to put out other publications 
in the future. 

Annual membership dues are $2 for individuals and $5 for institutions. 


CRANIAL CAPACITY: COMPARATIVE DATA ON THE 
TECHNIQUES OF MACDONELL AND BREITINGER 


M. L. TILDESLEY AND N, DATTA-MAJUMDER 
England 


The century which has elapsed since the first attempts were made to 
measure cranial capacity has seen numerous trial solutions of the tech- 
| nical problems involved and the growth of a considerable literature on 
this topic: for accounts of these the reader may be referred to two of 
the most recent papers, by T. D. Stewart (’34) and Emil Breitinger 
(736). Our own contribution to the subject is to consider carefully the 
Be omingne described in the last-named paper and, as far as the data 
permit, to compare it from the point of view of accuracy with the tech- 
nique elaborated by W. R. Macdonell (’04) and used by all subsequent 
workers in the biometric school of Karl Pearson. In respect of speed 
Breitinger’s technique which measures skull capacity in 5 minutes has 
a very obvious a@antage over Macdonell’s which takes 20 to 30. Yet 
if its speed involves a loss of accurary one may hesitate to adopt it in 
preference; for accuracy of direct measurement affects all figures re- 
garding capacity, not only those for series whose. capacities are meas- 
ured direct, but also for those whose mean capacity is estimated indi- 
rectly from their cranial diameters or ares, the regression formulae on 
which such estimates are based being derived from cranial series — 
where possible, kindred series — whose capacities have been determined 
by direct measurement. But those of us who have had the wearisome 
experience of measuring a considerable series by the lengthier method 
of Macdonell can hardly help feeling a hopeful interest in the possibility 
of cutting down time without cutting down truth. 

Breitinger’s technique, published in 1936, was first tested partially 
by Stewart (’37), whose results were not unfavourable; they could not 
be conclusive, however, owing to differences in apparatus, and to the 
shortness of the series measured. 

The position was next considered by the Conference on the Technique 
of Physical Anthropology, called together by the C.S.T. A. (Comité 
de Standardisation de la Technique anthropologique) at Copenhagen 
in 1938. Section II of its Minutes, reported in MAN (’39, no. 68), con- 
tains the following item: 
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| 
| 
| 
| 
| 
| 
. 


Cranial capacity, direct measurement: The method recommended by 
Dr. Breitinger was explained by Miss Tildesley. After consideration 
and discussion, the couterence decided that it would be necessary ta 
submit the matter to a series of further tests, to establish the degreé 


of accuracy to be expected from it in the hands of different observers. | 
, t 
' 


There being no doubt whatever of the wisdom of the above decisior 
—not only in regard to cranial capacity, but to techniques of measure} 
ment in general — the authors of the present paper set themselves t¢ 
test further the Breitinger technique, and to compare the results witl 
those recorded for Macdonell’s. We will first consider the latter. 

(a) Observational variability in using Macdonell’s technique. Weé 
owe to W. Hambly (’40) the most direct estimate of an observer’s vari! 
ability in measuring cranial capacity by Macdonell’s technique. Hé 
measured for a second time, after 6 months, the capacity of fifty skulls 
from New Guinea, publishing both sets of measurements. Subtracting 
second observations from first, we get 10.59 ce. as the estimated o o 
differences between pairs of measurements by this observer, and + 1.0 
cc. as its s.e. Assuming the degree of observational variability to b 
the same on both occasions. we get 7.49 + 0.75 ce. as the ¢ which meas 
ures this variability; and this, in terms of the mean capacity of th 
series (1257.36 ce.) amounts to 5.96 per 1000 ce. 

Next we have the evidence obtained by G. von Bonin (’34) who meas 
ured series of Whitechapel skulls previously measured by Macdonell 
The estimated ¢ of the M-B differences is 15.48 + 1.85 ec., and if we as 
sume the two observers’ techniques to be equally variable, the ¢ of thei: 
observational errors is estimated at 10.94 + 1.31 ce., or 7.48 per 1006 
ec. of capacity. 

Von Bonin (’34) also remeasured fifty-eight Farringdon St. eran: 
measured by B. Hooke (’26). The co of the H-B differences is estimated 
at 14.05 + 1.30 ce. which, on a similar assumption of equality, woulk 
give each an observational error whose ¢ was 6.69 per 1000 ce. of skull 

capacity. 

The only other available data on the observational variability of the 
individual observer is given by the measurements recorded for tes 
skulls. Table 1 gives nine such sets of measurements, varving in num 
ber from 3 to 17. In no case is the series long enough to give a reliable 
estimate of ¢ by itself; but, expressed in terms of their respective means 
the fifty-six measurements (with forty-seven degrees of freedom) migh 
perhaps be combined together. The question is whether, when thus ex 
Diese, they can be considered as random samples from the sams 

‘‘population’’ of observations, whose ¢ they would then estimate a: 
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(9.09 per 1000 cc. To answer this question, we apply Bartlett’s u-test, 
and this shows that there is only about one chance in twenty-five of ob- 
taining, from the same population, nine samples of the given sizes dif- 
fering as much in variability as these. The chance is not so small as to 
be ruled out for that reason alone; but on general grounds it seems un- 
likely that the five observers to whom we owe the nine sets of data would 
‘tend to repeat, with equal degrees of consistency, the movements they 
made, though the differences may not have been great. 

To sum up our evidence; — apart from the ‘‘composite’’ estimate of 
5 ec. per 1000, which cannot be given anv exact interpretation, we have, 
from three other series of data, estimates of the o of observational 
variability in applying Macdonell’s technique, which range from 6 to 
7.5 per 1000 and average 6.7. 
_ (b) Differences of bias in applying Macdonell’s technique. Initially, 
‘there should be no difference of bias between different observers’ meas- 
urements, because all who follow Macdonell’s directions obtain their 
own personal equations between the weight of tightly packed seed they 
get into test skulls and the water-capacity of the latter, and thereafter 
they calculate skull-capacity from seed-weight by means of these equa- 
tions. For subsequent measurements to be free from bias, however, 
three conditions must be fulfilled: (1) the mean weight of seed the ob- 
sservers would pack into a test skull must have been ascertained without 
more than a negligible standard error; (2) water-capacity must have 
-been accurately determined; (3) the personal equation found from the 
tests must remain unchanged. 

In the two instances in which the results of measurement of the same 
‘skull series by two observers is recorded, it is evident that all three 
conditions could not have been fulfilled by both of the pair, for their 
jmeans differ significantly. Von? Bonin’s remeasurement (734) of the 
thirty-five Whitechapel skulls obtained 1451.6 ce. as their mean capacity, 
as against 1472.1 cc. found by Macdonell (’04), the estimated differ- 
ence in bias between the two observers being thus M-B = (20.5 + 2.616) 
ec. Von Bonin’s measurement of fifty-eight of the Farringdon St. series, 
previously measured by Hooke (’26), showed a difference in the other 
direction; von Bonin’s mean being 1494.4 cc. and Hooke’s 1483.8 ec. : — 
difference of bias estimated at H- B= (— 10.5 + 1.83) ee. Pr Beant 
therefore, Macdonell and Hooke had a difference of bias which, if both 
has measured a cr anial series whose mean capacity was of the order 
of 1450-1500 ce., would have produced a pair of means differing by 30 
ce. OF SO, Le. Spent 20 per 1000 ce. 


TABLE 1 


Data on variation in weight of seed packed into test skulls on different occasions by observers 
using Macdonell’s technique. 


SUM OF SQQ. OF | beg aie ESTIMATE OF — 
OBSERVER SKULL | GM. OF SEED MEAN REDUORD DEVNA2 | ook oop VARIANCE 


Macdonell | 1130.58 | 
H a | 
Ge) 1127.21 1127.16 18.6310 | 9.316 | 
Macdonell ae 1364.97 
(04) 1381.31 
1365.47 1370.58 91.9439 


Macdonell 8 | 1052.07 
(704) 1058.83 

| 1048.44 , 

1061.43 1055.19 96.5246 3 32.175 


Tildesley 5 1071.00 
(721) | 1062.55 
| 1063.50 | | 
1064.30 | | 
1060.30 1064.33 57.0139 4 14.253 
Morant (723) | T27 | 1332.2 
| 1345.4 
| 1349.9 
1351.6 
1353.8 | 
| 1350.3 | 
P35 762 | 1348.63 216.5159 6 36.086 
Morant (’23) | 6 1062.2 | 
| | 1060.2 
1056.9 
1061.7 H 
1058.7 | 1059.94 16.9554 Le 4.239 
Hooke (726) | y 1376.0 
1378.5 
1379.5 } 
1380.0 | 
1379.0 | _ 1878.60 5.1051 4 | 1.276 
Von Bonin 6 1069.2 
(734) | 1070.7 
| 1078.0 
1074.7 
1067.7 
| | 1070.2 
1068.5 
1072.1 
1060.7 
| 1072.8 
1063.0 
1061.8 . 


to 


45.972 


to 


1062.2 1068.06 64557451 eel 40.359 
Von Bonin i oe 1063.1. | " 
(734) 1062.0 | 


1061.9 | 1064.61 67.3878 | 6 11.231 


ree ies eee 
‘‘Combined’’ estimate of ¢ = 5.086 per 1000 ce. 


> The ‘‘reduced deviations’? are deviations from the mean, divided by the mean and multipliec 
by 1000. 

It may be added that between Macdonell’s measurements and the subsequent ones here 
recorded the capacities of test-skulls 5 and y were modified by repairs, and the seed had doubt 
less shrunk somewhat in the interval of 17 years or more since Macdonell used it. Differences 


in the mean weight of seed packed into the same skulls by him and by later observers must not 
be taken as evidence of differences of bias. 
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As to the reasons for these discrepancies, we can now see in the hight 
of our data on observational variability, that (for one thing) too few 
measurements of the test-skulls were taken by Macdonell and by Hooke 
(see table 1) to satisfy the first of the conditions mentioned above. If 
we take the o of an observer’s variability in filling a test skull to be, say, 
6.7 ce. per 1000; and if, for determining the mean weight of seed he 
would pack therein, we set as our standard of exactness a 95% chance 
of being in error by no more (when weight is translated into volume) 
than 2.5 ec. per 1000: — 3.5 ce. in a skull of 1400 cc.; then twenty-eight 
fillings are required. If we are satisfied with a 95% chance of being 
within 5 ce. of the correct mean for a skull of this size, it is enough to 
measure the skull fourteen times. As table 1 shows, however, we, whose 
data it records, have been content, with the exception of von Bonin, with 
considerably fewer test measurements to determine our personal 
equations. 

The second condition of accuracy, in measuring personal equation, 
is that the water-capacity of the test skull (or skulls) shall be ascer- 
tained correctly, and as anyone knows, who has tried it, this is not easy. 
The irregular surface of the interior of the skull-base offers excellent 
harbour for air-pockets, when water is poured into the inverted cra- 
nium; and though discreet and repeated tiltings will allow most of it to 
escape (and one hopes all of it), there is no practicable means of veri- 
fying this hope. Again, the foramen magnum could never be regarded 
as an ideal spout from which to pour the water from the skull into the 
measuring-cylinder; one has to use some other vessel as intermediary ; 
and though no water may then be spilt, some will adhere to the surface 
of the vessel, and to the inner and outer surfaces of the skull. The 
latter difficulty is avoided by Mollison’s (’32) method of calculating 
water-volume from the weight of the skull empty and full, but (to be 
accurate) it needs a balance which is able to take as heavy a weight as 
the filled skull, and at the same time to record it to a fine unit. This 
,30mbination of qualities is not common in balances, and, in any case, this 
nethod was not used by any of the biometric school with whose data 
we are now dealing. Furthermore it is not always a simple matter to 
waterproof a skull satisfactorily, though here again the Munich school 
seems to have found good methods, which will be given in section (f) 
of this paper. 

We have only a few data on the effect of the various obstacles to 
oxactness in measuring water-capacity, for though doubtless all of us 
repeated the measurement more than once, only Macdonell (’04) and 
Morant (’23) give details. Macdonell obtained from duplicate measure- 
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ment of the test skulls a, y and 5 the following water-capacities : — ¢ 
1445 and 1465 ec.; y 1790 and 1790 ec.; 8 1375 and 1385 ec. The capacity 
with which, in each case, he compared the weight of seed, in order te 
determine his personal equation, was the mean of the two measure 
ments; his reason being that ‘‘an air-bubble may have formed in the 
recesses of the skull in the first experiment, or a slight leak may have 
developed in the second, or 1 may have made some mistake in filling, 02 
in noting, the volume of water.’’? But since all sources of error meni 
tioned by him or by ourselves, except mistakes in ‘‘noting the volumes 
of water,’’ would reduce water-capacity below its true value, Morant’s 
procedure would seem to be the better one: having obtained from three 
measurements of water-capacity 1350, 1360 and 1365 ce. respectively 
Morant adopted the highest of these values as the most correct. 
The third condition for avoiding bias is that, when once person | 
equation has been determined, it shall remain unchanged. Hambly’: 
data (’40) demonstrate no change in his, during the 6-months’ inter 
val between his two measurements of the fifty New Guinea skulls 
there is a difference of 1.32 cc. between the two means, but the estimated 
o of his observational differences in measuring this series being 10.5 
the s.e. of this difference would be + 1.50 cc., making it quite no 
significant. The only other relevant record we can quote is from Moran 
(23) when at the outset of his craniometric career he began the stan 
ardization of his own density of packing. The series he was studyin 
was the Tibetan, and after some preliminary practice, he first filled 
single skull, T 27, seven times with the results quoted in our table 1. H 
then filled each skull in the series, recording the weight of seed packee 
into each. ‘‘After an interval of a week, this operation was repeated 
and a fairly uniform increase in weight on the first readings was found 
though it never exceeded 15 gm.’’ He made sure of a stabilized personai 
equation during the second series of measurements, by finding thi 
weight of seed held by the test skull 6 once on every day over whicl 
the work extended. | 


To sum up, we have seen that the bias, which Macdonell’s techniqu: 
was designed to avoid, has not always been avoided; but having analyze 
its causes we have seen how differences of bias could be reduced to : 
very small amount. | 

(c) Breitinger’s technique. Breitinger’s study of the problem, mad 
at the suggestion of his chief, Theodor Mollison, in order to earr: 
further the contribution made by the latter in 1932, begins by an exall 
ination of the properties of rape-seed and mustard-seed. Rape-seed hac 
been used until then by the Munich school, mustard-seed by the Bio 
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metric school of Karl Pearson and most American schools. Breitinger’s 
| decision in favour of mustard-seed was a welcome contribution to the 
international standardization of anthropological technique. 

He then approached the problem of capacity-measurement through a 
careful study of the behaviour and density of the seed, in skull and in 
measuring cylinder, as affected by various controllable factors such as 

-rate and direction of flow, height from which it falls, amount of shak- 
ing, prodding and pressing, dimensions of funnel and cylinder. In 
' thus studying seed he had the advantage of a glass skull, similar to the 
bronze one prepared by Ranke. Maximum density was not aimed at, 
-and experiment was needed to find a procedure which would make seed 
density in skull and cylinder equally great. Since seed poured into a 
cylinder settles itself somewhat more densely at the lower levels, to 
‘which it has fallen from a greater height, and since average density is 
thus slightly diminished as the quantity poured in is increased, the fill- 
ing in large skulls had to be slightly less dense than in small, to 
-eorrespond. 


The apparatus used by him is as follows: 


: 

i. A funnel, equilateral in section, diameter at top 18 em., diameter of 
spout 15 mm., height of spout 10 mm., say (this dimension being 
unimportant). A line 2 em. wide is painted round the inside of the 
funnel 5 em. above the spout; a metal ring is soldered on to the 
outside of the funnel where it rests on the cylinder, to ensure that 
it is erect and the spout central to the cylinder. 

A cylinder whose inner dimensions are 50 em. in height by 73 mm. in 
diameter. The one used by Breitinger is figured by Mollison (732) 
and is of brass 2 mm. thick, with a broader base which raises its 
overall height to 51.5 em. A second brass cylinder, fitting closely 
into the first and furnished with a lid, serves the double purpose of 
containing the seed when not in use, and measuring the quantity of 
seed in the larger cylinder. It is graduated on the outside to show, 
at 10 cc. intervals from 0 to 2000 ce., the amount of space between its 
own base, resting on the seed, and the bottom of the cylinder in 
which the seed is being measured, the upper rim of the latter coin- 
ciding with 0 of the graduation, when no seed is there. To facilitate 
the reading of seed-volume, at one place the upper rim 1s bevelled 
down and is plated with German silver. . 

iii. A pot! for pouring seed into the skull; a short stick 20 mm. in 

diameter and rounded at the end; a chaff-cushion on which to bed 
the skull; and ‘‘best quality mustard seed’’, a hundred of which, 
when arranged in a straight line and touching, he found to measure 
on an average of 217 mm. 


Tr 
me 
. 


 1In Mollison’s description of the apparatus it says ‘<Topf mit Ausguss’’? — pot with spout 
'— though not whether it is an open spout as in a jug, or closed. 
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The following is a translation of the summary he gives of the pro-. 
cedure finally adopted, the few further details (which are given in the) 
body of his paper) being inserted in parentheses: 


i. Bed the skull on the chaff-cushion, forehead obliquely downwards.? 

ii. Pour the mustard seed in through the funnel; the seed should be’ 
kept piled up in the funnel to a third of the way up (‘‘until it be-_ 
comes stationary’’); by tilting the skull gently on the cushion, the 
seed still in the funnel empties itself completely into the skull. 

iii. Shake the skull with the hands laid on flat, forehead obliquely 

downwards (‘‘upper arms pressed to the sides of the body, wrists 
slightly stiffened’’). 
Rate: four to-and-fro movements (‘‘four single movements’’) per 
second.’ | 
Time: (a) 15 seconds with the hands on frontal and occiput, (b) 16 
seconds with the hands on the sides of the skull. 

iv. Pour in more seed slowly out of the pot; at the same time with the 
left hand tilt the skull, resting on the cushion, in all directions. 

v. Distribute the seed by probing six times with the wooden stick, viz. 
to the right slanting forwards, sideways, and backwards, and the 
same to the left. (‘‘The wooden stick meets, without going deep 
into the seed, with that resistance which it is its object to test. 
rather than to bring about’’).* 

vi. Fill up again slowly from the pot while tilting the skull on the 
cushion. | 

vii. Make a final distribution of the seed by means of the thumb; (‘‘the 
thumb, resting on the seed, does not sink, but only needs to regu- 
late the last distribution of the seed’’; and again ‘‘after filling up 
again — after shaking — one presses the contents more closely to- 
gether, first with a wooden stick and finally with the thumb’’); 
then fill up the skull to the rim of the foramen magnum. | 

vill. (‘‘The seed is poured all at once into the funnel; ... it is absolutely | 
necessary to see that its spout is held ina central and erect position. 
in the cylinder; ... the funnel described regulates quite easily and. 
automatically the ‘filling of the cylinder’’). Insert (inner) cylinder 
gently (ruhig). | 
Observational errors varying with the time of day, or other period 
of time, can be reduced to a minimum if the test-skull is measured) 
again after every ten measurements of other skulls. 

After being used for some time the mustard seed should be fr eed 
from accumulated dust by means of a sieve. 


* The angle at which the forehead is inclined to the cushion would be limited by the necessity. 
of inserting the spout of the funnel into the foramen magnum and keeping the funnel upright. 

* Tf one counts aloud when shaking, one for each double movement (thus counting up to 30 in, 
15 seconds), the rate of counting is as much as one can manage comfortably, in English, when | 
numbers over 20 are reached. The exact rate must of course be obtained, at first, from a ae | 
watch. 

*The insertion of the stick, however, certainly presses the seeds more closely together, as is’ 
stated in par. iv; and one can do nothing, as the result of the ‘‘test’’, except perhaps empty | 
skull and begin again. 
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Though the above detailed directions do much to standardize the 
technique of those who wish to do exactly as Breitinger did, one finds, 
when applying them, that there are still some points which leave room 
for indiv ian differences of procedure: (1) The thickness of the stream 
of seed, which is poured in direct from the pot into the skull, is not 
Prrcificd, except that it should be poured in ‘‘more slowly’’ than through 
the funnel-spout, the interior diameter of the latter being 15 mm. Yet, 
as Breitinger points out, the rate, at which seed is poured i in, affects its 
density in the skull: the more Ala the more dense.> (2) The amount 
of tilt in different directions, during the second and third fillings, may 
vary from observer to eheeeven also the rate at which the skull is tilted 
fc ound full circle,® and consequently the extent to which the seed is dis- 
oer sed by this tilting. (3) Instructions as to the use of the thumb are 
ppen to interpretations that vary somewhat in respect of the amount 
of pressure used, and the direction in which it is exerted. These various 
ambiguities, however, permit the observer to modify his procedure ex- 
erimentally, until the interpretations adopted give a mean result which 
agrees with the capacity of the test-skulls as measured by water. 

(d) Results of Breitinger’s tests of his technique. First as to the de- 
ree of variability in Breitinger’s own application of his technique ; — 
The data he furnishes consist of the range, and of o as he calculates it, 
which would be by the cruder method, given in Martin’s Lehrbuch and 
xyenerally followed by the German school. We therefore have to apply 
Sheppard’s correction to Breitinger’s o? to get the variance of his 
samples and then multiply it by =; to get the estimate of his variance 
n measuring skulls of the size in question. As to Sheppard’s correction, 
ve see from Breitinger’s records of range that he measured weight to 
‘he nearest gm. and volume to the nearest ec., and in both cases there- 
ore the amount to be deducted would be 0.0833. Multiplying by => 
prings us, when his n is largest, to an estimate of variance whose square 
oot (c) is the same as Breitinger’s value, but with the smaller n’s to a 
value somewhat higher. In dealing with his data we shall use only the 
stimates of o derived as above, and s.e.s based on these. 
| We take first the figures showing his variability in filling the skull 
vith seed. A test-skull whose water-capacity was 1340 cc. was filled 
ifty-three times: mean weight of seed 1027 gm., c estimated at 2.02 om. 
“ranslated into volume the estimated o becomes 2.64 ec., or 1.97 cc. per 
,000. 

'5 One way to regulate the stream of seed from the pot would be to use a teapot or similar 
essel with a closed spout, the spout being of a given size at its narrowest; and one advantage 
f a curved teapot spout would be that the seed could be poured in vertically. Poured in from 


» jug held in the right hand, it runs to the left. 
*If Breitinger did thus rotate it: he only says ‘‘tilt in all directions’’. 
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Besides weighing the seed Breitinger also measured its volume in 
the cylinder in the manner described above, and any variability in the 
latter process should be reflected in the ¢ of volume thus determined, 
which should show an increase. The o obtained however is less than 
pefore, being only 1.72 ce. Referring the ratio 2.64 —= 2.356 to table 4 
of Fisher and Yates (°38) we find that a ratio as large, or larger, has 
rather less than a 1 percent chance of occurring at random. When 
however we look for an alternative explanation of a reduction in varia- 
bility we fail to find it, for the only systematic factor affecting the 
cylinder readings of seed-volume is the slight decrease in density with 
increased amount of seed. Within a range of only 10 ce. this is prae- 
tically nil and, if it were not, would exaggerate rather than underesti- 
mate the variability in quantity of seed. It would seem therefore either 
that the smaller figure obtained is due to one chance in a hundred, 01 
else to a slip in arithmetic such as occurs unfortunately more frequently 
than that. In any case, since variations in the process of cylinder-fill- 
ing would increase seed-variation as measured by volume, the figures 
furnish no evidence of variation of the process as carried out by 
Breitinger, and indeed his apparatus, and his directions if carried out 
exactly, standardize this process pretty completely. | 

We may therefore take his further data on variability in volume 
(measured in eylinder) of seed used in repeated fillings of a single 
skull, as a correct measure of variability in quantity of seed. These 
further data give the results of fillmg thirty-one times a test-skul 
whose water-capacity was 1701 ec., and provide a o estimated at 4.034 
ee., or 2.37 ec. per 1000. This is not significantly different from the 1.97 
ee. found from the smaller skull. | 

We next come to the question of parallel decrease of seed-density in 
skull and in cylinder as the size of skull increases. Data for the cylinder 
were obtained by measuring the volume of 10 weighed quantities of 
seed rising from 200 gm. to 1500 gm., the last seven of which give the 
following densities which we can compare with the mean seed-densitv 
in filling the two test-skulls: | 


Yol. in cylinder 1040 ee. 1304 ce. 1439¢ce. 1575¢ce. I171llec. 1848c¢e. 1986 ce! 
Density in cylinder’ .769 767 -764 762 -760 758 755m 
Water vol. of skull 1340 ce. 1701 ee. 

Mean density in skull’ .766 + .0002 -758 + .0003 


From these figures. in the skull of 1340 ce., seed-density would tk 
the same as in the cylinder: in the skull of 1701 ce. slightly less, to an 
extent that would result in skull-eapacity being overestimated bv 5 ee. 


Breitinger’s figures, of which we give the reciprocals, give the number of ee. per gram 
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Che discrepancy is small, but that shown by the figure he gives us, for 
nean volume of seed used, is still less (1701.2 ee. + 0.725). Whichever 
s the truer measure, we can accept his conclusion that the technique 
an be applied to skulls of widely different sizes with a high degree of 
.eccuracy. 

| His remaining data are from the measurement twice over of ten 
mall Melanesian and ten large Bavarian skulls: differences between 
he means were respectively 0.2 ec. and 1 ec., the values of o agreeing 
io the nearest ec. in both cases. Obviously by a slip, he has given his ¢ 
or the two series of skulls as 15.5 and 14.8 ec. instead of 155 and 148 ce. 
Te adds that ‘‘the results obtained by other observers for comparison 
gree satisfactorily with these,’’ and we could wish he had recorded 
hem, for it is precisely the need of such comparative figures, that 
‘rompted our own enquiry into this technique. 

(e) Tests by Tildesley and Datta-Majumder of Brettinger’s tech- 
aque. Two test-skulls, a small one painted red and a large one blue, 
vere filled by each of us thirty times on two occasions, except that on 
he first Tildesley filled only the red one, and on the second there were 
inly twenty-two fillings by Datta-Majumder of the blue skull, the esti- 
uate of variability derived therefrom being accordingly not very re- 
‘able : — 


ESTIMATED ¢o OF REPEATED FILLINGS OF 
Red skull Blue skull 
eb. 742 M.L.T. (30) 5.62 ce. per 1000 
N.D.M. (30) 3.26 ee. per 1000 (30) 4.47 ee. per 1000 
‘ar, 742 M.L.T. (30) 3.15 ee. per 1000 (30) 5.26 ee. per 1000 
N.D.M. (30) 2.90 ee. per 1000 (22) (2.70 ee. per 1000) 


Comparison of these figures with those found for Breitinger’s vari- 
bility in skull-filing (1.97 ce. per 1000’ for the smaller of his skulls, 
(37 for the larger) suggests that he is the most consistent of the three 
bservers, and that N.D.M. is more consistent than M.L.T. though both 
sduce their variability on the second occasion, when less new to the 
ob. That there are inherent differences between different observers in 
sspect of observational variability is certain; and three observers 
»rm too small a samovle for us to draw exact conclusions regarding the 
alative variability of the Breitinger and Macdonell techniques, as 
ach, on the basis of the above nine estimates on the one hand (ranging 
tom 1.97 to 5.62 ec.) and the estimates on the other hand of 5.96, 6.69, 
48 and a doubtful 5.09 for Macdonell’s technique. But as far as they 
», the data certainly suggest that Breitinger’s technique ix not only 
ie quicker, but also the less variable in its results. 

| 
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We must now consider the mean capacities obtained from our meas 
urements of the red and blue test-skulls. As has been pointed out, al 
though Breitinger’s description of his procedure is detailed, it stil 
leaves some parts open to individual differences of interpretation. Ne 
attempt was made beforehand to bring our interpretations into ling 
with one another, only the explicit directions being taken into account 
The following were the means of the first fillings: 


MEAN OF REPEATED FILLINGS 


FEB. 1942 Red skull Blue skull 
M.L.T. (30); TL76.7, 45 d2Alnee, 
N.D.M. (30) 1178.1 + 0.70 ce. (30) 1670.0 + 1.36 ee. 


That they were so close for the red skull was evidently the result o 
chance, for the water-capacities which were obtained subsequently gav 
1208 ec. for the red and 1697 cc. for the blue, showing that we had Alec 
rather too loosely. We then experimented a few times with our inter 
pretations of the less well defined directions, until we had arrived a, 
results closer to the water-capacities. The testing was then carried ou 
afresh, with the following results : — 


MEAN OF REPEATED FILLINGS 


MAR. 1942 Red skull Blue skull 
M.L.T. (30) 1206.0 + 0.69 cc. (30) 1698.4 + 1.63 ee. 
N.D.M. (30) 1202.3 + 0.53 ee. (22) 1707.5 + 0.95 ee. 
Water-capacity 1208 ce. 1697 ee. 


For neither skull does M.L.T.’s mean differ significantly from thy 
water-capacity, and although N.D.M.’s means differ rather more, ther: 
is little doubt that, given further opportunity of experimenting, h: 
would be able without much difficulty so to modify his procedure, with 
in the limits left by Breitinger, as to arrive at the correct means fo 
skulls small or large. War-conditions, however, give less leisure that 
before for such peaceful pursuits, and the considerable adjustments all 
ready made by both of us are sufficient evidence of the possible modi 
fications. 

(f) Conditions for avoiding bias in measuring by Breitinger’s tech 
nique. As in the ease of Macdonell’s technique, there are three condi 
tions to be fulfilled if Breitinger’s is to give the mean capacities o 
different skull-series without observational bias: (1) the water- capacity 
of at least two test-skulls of widely different sizes must be accuratel: 
determined; (2) such of Breitinger’s instructions as leave room for dif 
ferences of procedure must be so interpreted as to give correct mea 
values for both skulls, from not less than about 30 fillings of each ane 
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preferably more; — fifty is better because it gives a more reliable esti- 
mate of the s.e. of the mean value obtained. (3) Any subsequent un- 
conscious tendency to modify the technique thus adopted must be 
checked by regular routine re-filling of the test-skulls. 

As to the first condition, we have already mentioned some of the dif- 
ficulties encountered in measuring the water-capacity of test-skulls, and 
we may here add another, with which we ourselves had to cope, namely 
imperfect proofing. The test-skulls of which we made use had been 
painted outside and varnished inside. The outside coatings had even- 
tually been made thick enough to let no water through, but that did not 
seem to be the case with the inner lining, for after the skulls had been 
emptied of water and left stayding a few minutes, water was found to 
shave drained slowly back from some space into which it had percolated 
(possibly between skull and coating), making a little pool in the in- 
verted skull. To arrive at our determinations of water-capacity, we 
had to fill the skulls and leave them long enough to become water-logged, 
‘then quickly empty and straightway weigh them to get the amount 
that must be deducted from the weight of the skulls when full of water.® 
We then weighed a measuring glass, first empty and afterwards con- 
taining 1000 cc. of water from the same tap, so as to get the weight- 
volume equivalent by which the weight of the water in the skull-cavity 
could be expressed in terms of cranial capacity. To how fine a unit it 
can be thus expressed, depends on the unit of weight to which the scales 
may be read accurately. There will be approximately the same number 
of cubic centimeters as of grams, and if the scales weigh correct to the 
nearest gram, the weight of water, which is obtained by differencing, 
will be correct to the nearest 2 gm. Obviously if the only available scales 
that weigh up to about 2 kg. can be read merely to the nearest deca- 
gram, the resultant capacity-measurement can only be taken as cor- 
‘rect to the nearest 20 cce.; which is not much good. A 2000 cc. measuring 
‘glass is then better for the purpose. 

As to the preparation of test-skulls, Mollison (’32) describes his 
method as follows: 


_ “A strong skull, with well-preserved calvaria, when quite dry is 
‘soaked in paraffin-wax till the bone has absorbed all it can; it is then 
Meft to cool. The superfluous wax adhering to the surface is then scraped 
‘off with a wooden blade. This treatment closes all the small foramina 
in the bone and makes most of the sutures quite water-tight. The open- 


| ® This was the best we could do, and any error would probably be small; but even if it were 
not our conclusions regarding Breitinger’s technique would not be affected: as we have seen, 
our interpretation could have been modified to give a seed-capacity which agreed with the cor- 


‘rect water-capacity. 
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ines in the base of the skull, at the back of the orbits, and in the lamina _ 
cribrosa are closed with putty which is smoothed down. The putty | 
should not project into the skull, of course. It will be hard enough in a 
few days for the skull to be used. A skull thus preserved is not affected 
by being filled with water, and the process has this advantage over the | 
former method of soaking in linseed oil, that one need not expect it to 
dry out gradually and cause the putty to shrink and crack easily.”’ 


If however the paraffin wax covers the inner as well as the outer sur- 
face of the skull, it may render the results obtained from the test-skull 
inapplicable to ordinary skulls. Stewart (’34), in studying on three) 
skulls the effect of a smooth paraffin-waxed inner surface, found that. 
where maximal packing was aimed at, 20-45 cc. more seed was packed | 
in than when the skulls were in their natural state. Minimal packing, on 
the other hand, was unaffected by this change of surface. By the latter 
method, the seed was poured continuously into the skull, which until 
the frontal region was filled was kept tilted forward and was then 
eradually brought to the horizontal as filling neared completion. The 
only ‘‘packing’’ added to this procedure was the insertion of the index 
finger before filling was complete, to push the seed lightly into the tem- | 
poral fossae. Breitinger’s method, which packs with a density between 
these two extremes, may be affected by a waxed inner surface to some. 
extent perhaps, though less than the method of maximal packing. 
Whether, while using paraffin wax as proofing material, one could keep 
it from the inner surface by putting a temporary plug in the foramen 
magnum and applying the putty to all the other openings before soak- 
ing the skull in the wax, is a matter for experiment. 

The smaller of the two skulls used by Breitinger was waxed, but not 
the larger, prepared subsequently : — 


A large skull was soaked, in the way described by Mollison, in the 
‘“positive-substance’’ used in our Institute for making casts. This 
compound of wax and rosin, which dries very quickly, proved very | 
suitable for closing completely the sutures and foramina; the new test-. 
skull was filled with water and stood half a day without losing a drop. 
With a cranioscope, such as Broca had already used, and a telescope 
light-bulb (Aichel, ’81), one can easily satisfy oneself as to whether 
all foramina are in fact closed. If necessary some more of this sub- 
stance can be painted on hot, and any unevenness in the deposit can be. 
removed with a hot spatula. It is also advisable to paint the outside of. 
the skull when dry with spirit-varnish, as otherwise the hands tend to 
stick to the thin layer of proofing substance when shaking the skull. 


From an account by Rudolf Schwarz (’29) of the method of making | 
‘asts to which Breitinger refers, we gather that the ‘“nositive-sub- 
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stance’’ is called Hominit, and that it could be obtained from Apotela 


A. G., Ziirich.® 

So much then for the first condition for the accurate determination 
of cranial capacity by Breitinger’s technique, namely the correct 
measurement of the water-capacity of suitably proofed test-skulls. The 
second condition is that the less exactly defined parts of his procedure 
should be experimented with, until the means of repeated fillings of 
large and small test-skulls agree with the respective water-capacities. 
‘The number of fillings of each should be not less than about 30, and 50 
is still better because it gives a more reliable s.e. to the mean value ob- 
‘tained; also the observer should not rest content until he has a contin- 
uous series of recordings whose estimated ¢ is not higher than 5 ce. per 
(1000 of capacity, though in many eases it will be lower. 
| The third condition is that the procedure thus established should re- 
‘main unchanged in practice. Breitinger recommended the re-measure- 
ment of a test-skull after every ten measurements of other skulls, and 
‘we would only amend this so far as to suggest that a large and small 
test-skull should be used alternately for the check. Also that, as these 
measurements are taken, they should be plotted on a sheet of graph- 
paper, on which has been drawn a datum line representing the water- 
capacity of the skull in question, and pairs of lines parallel to it and 
jequi-distant from it above and below. The distance of the nearest pair 
' * As the new method of casting has many advantages — among others the fact that hair does 
‘not stick to it, which saves pain to living subjects, and makes possible the casting of such ob. 
jects as the very hairy head of an ape, as one of us (M.L.T.) saw done at Munich — we hays 
taken from Schwarz’ account of it not only the part relating to the use of Hominit but also t» 
the rest of the casting process: —‘‘After many years of research, Poller has perfected a new 
‘method of making moulds which has many advantages over methods used hitherto. The new 
moulding material, called Negocoll, is a hydrocolloid substance which at once solidifies when 
cooled but at the same time remains elastic and is for this reason specially suitable for casts 
‘from the living ... One heats the Negocoll, carefully in an enamelled pan, stirring continuously 
until it is melted. Within ten minutes one can begin to lay on the Negocoll, which must not be 
‘too hot, of course . . . with a broad brush that can stand heat .. . If the paste becomes too 
‘thick, it must quickly be made a little warmer and the work continued until the layer is about 
2 em. thick . . . When made quite cold, by means of wet cloths, it can be detached .. . The 
preparation of the positive must be begun at once as the Negocoll mould begins to shrink after 4 
short time. The positive-substances are called Hominit and Celerit. The light cream-coloured 
‘Hominit is specially suitable for the reproduction of parts of the human body. The Celevit, » 
‘substance resembling shellac, serves to strengthen the Hominit. A few eubes of Hominit are 
carefully warmed up in a small enamelled pan over the flame of a Bunsen burner and slowly 
‘melted, and the mould is then painted over by means of «a small brush that can stand heat. 
‘When the whole mould is covered with a thin layer, strips of muslin, single or double, are laid 
‘on and painted over till the whole surface has been strengthened. Then the final layer, Celerit, 
prepared in the same way as the Hominit, is laid on. When the positive has become cold the 
\Negocoll negative can easily be peeled off, and the cast is finished. At most there are small 
hunevennesses due to air-bubbles to be trimmed off with a knife . . . This easy making of the 
positive I consider to be the greatest “advantage of the new method. Casting with plaster is 
‘more difficult and takes much longer. There is a good deal of finishing to be done on a plaster 
‘cast, and the finer details of the skin are not shown up so well. It is easily damaged, whereas 
‘the Hominit cast stays in good condition, and as the latter is not more than 5 mm. thick it is 
lighter in weight and more easily stored.”’ 
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will represent + ¢ when ¢= 0.005 of water-capacity, the next pair will 
be + 1.96 times this distance away and the third pair + 2.58 times, 
representing respectively the limits of deviation which on an average 
will not be exceeded more than twice in forty times and twice in 200) 
times (once in excess, once in defect) with the given value of o. If devi- 
ations beyond these limits occur with disproportionate frequency one, 
must correct one’s technique accordingly. 


CONCLUSION 


Hambly (’40), to whom we owe the repetition, on fifty of his New 
Guinea skulls, of capacity measurements by Macdonell’s technique, 
urges that ‘‘more research should be concentrated on developing a 
quick technique for measuring the capacity of skulls;’’? and it was in 
the hope that the much quicker technique devised by Breitinger would 
prove to be not less accurate than Macdonell’s that the present investi- 
gation was undertaken. That hope has been justified, and indeed such 
evidence as we have been able to collect suggests that Breitinger’s 
method is the more accurate of the two. Accuracy has been compared 
from the viewpoints of bias and observational variability. As regards 
bias, we have seen that to avoid it in both techniques there must he. 
correct determination of the water-capacity of suitably proofed test- 
skulls, a considerable number of measurements of the seed-capacity of 
these skulls — enough to give a reliable mean — and periodic re-meas- 
urement of them during the application of the technique to cranial | 
series, so as to check any unconscious alterations of method. The con-. 
ditions are the same for both techniques, but the fact that Macdonell’s | 
takes 20 minutes or so for each measurement of a test-skull discourages | 
fulfillment. Then as regards observational variability the available 
data indicate that Breitinger’s method is less prone to vary in its re- 
sults. Finally there is the question of apparatus. Scales weighing ac- 
curately to a fine unit of measurement are the main piece of apparatus. 
required by Macdonell’s technique. Breitinger’s dispenses with the 
scales, but it requires a funnel of given dimensions, a cylinder of given. 
height and diameter, and a second cylinder fitting closely into the first. 
Breitinger’s two cylinders, designed by Mollison, were made of brass, 
and the inner cylinder was used both to measure the quantity of seed | 
in the outer cylinder and to contain the seed when not in use. These | 
features however are not essential to the carrying out of Breitinger’s 
directions: a graduated glass cylinder measuring to 2000 ee. would 
serve, if of the right dimensions, and a closely-fitting cylinder of wood | 
to rest lightly on the seed (without any effort to flatten its surface) | 
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would give the level from which capacity should be read off. This re- 
flection raised a question regarding the usual dimensions of 2000 ce. 
glass cylinders, and a firm of manufacturers was visited to gain infor- 
mation on this point. Their cylinders, they stated, were made to no 
exact height and diameter though approximately equal in size, and a 
stock of them was shown. On measurement they were found to be very 
nearly of the same inner dimensions as Breitinger’s technique stipu- 
later (50 em. in height, 73 mm. in diameter), so near as to be quite suit- 
able for the purpose. Whether all manufacturers make them to these 
approximate dimensions is not known; but if a 2000 ce. glass cylinder 
is available to those wishing to measure capacity and not wishing to 
spend money, they may at least approach it, rule in hand, with some 
degree of hope. 

_ In conclusion we wish to thank Mr. Little of the Duckworth Labora- 
tory of Physical Anthropology at Cambridge for the facilities put at 
our disposal for our experiments; and one of us (M.L.T.) wishes also 
to express her indebtedness for the Leverhulme Research Fellowship 
which enabled her to carry out her part in this investigation and pro- 
vided the apparatus used. 
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ON SPECIES AND RACES OF LIVING AND FOSSIL MAN 


THEODOSIUS DOBZHANSKY 


Columbia University, New York 


Important advances have recently been made in the study of man’s 
ancestry and evolution. Particularly notable is the analysis of the 
interrelations of the known fossil and living hominids made by Weiden- 
reich (’43) in his monumental series of monographs on the remains of 
the Peking man. Though made strictly from the point of view of a 
morphologist, Weidenreich’s conclusions deserve careful attention of 
geneticists interested in the structure and evolution of human popula- 
tions. For according to Weidenreich, the hominids have been in the 
past, as they still are, represented by a single species subdivided into 
several races or subspecies. This makes it desirable to review the whole 
problem of the evolutionary status of living and fossil man in the light 
of conceptions of modern genetics and systematics. 

The opinion is often expressed that species and races are arbitrary 
categories. This opinion is false. If given the opportunity to secure 
the necessary data, a biologist is able in a majority of cases to decide 
beyond a reasonable doubt whether the forms under study are distinct 
species or only distinct races. Lion, tiger, leopard, and domestic cat 
are species; Angora cat and alley cat are surely not species but races. 
However, ‘‘borderline cases’’, in which it is impossible to decide 
whether one is dealing with species or with races, do exist. Indeed, 
their existence was used by Darwin to demonstrate organic evolution. 
If species are the primordial units of creation, or else if they arise by 
sudden leaps (as thought by G. St. Hilaire and recently by Gold- 
schmidt), then we should be able to find methods to decide whether any 
two forms are still races or already species. If, on the other hand, 
species evolve gradually from races, then the decision will be possible 
only in some, perhaps in a majority, of cases, but at least some in- 
stances must be found in which forms are too distinct to be races but 

not distinct enough to be species. Evolutionists have concentrated their 
efforts on proving that such borderline cases do exist; by indirection 
they conveyed to biologists in general the impression that there are 
no other but borderline cases. 

The evolutionary status of mankind was discussed by Darwin in ‘‘The 
descent of man’’. Darwin regards man as a systematic borderline case. 
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He is aware of ‘‘the weighty arguments . . . for raising the races of 
man to the dignity of species, and of the insuperable difficulties on the | 
other side in defining them’’. The horns of this dilemma are used by. 
Darwin in support of the contention that man is a product of evolution. 
We know at present that some of the ‘‘weighty arguments’’ were based | 
on faulty information, while others do not have the significance that 
could be ascribed to them in Darwin’s time. Modern man is definitely | 
not a borderline case. It is a single species consisting of races so im- 
perfectly differentiated that ‘‘the insuperable difficulties’’ in delimit- 
ing and counting them are now at least as great as they were when ‘‘The 
descent of man’’ was written. | 
Species in sexual cross-fertilizing organisms are defined as groups. 
of populations which are reproductively isolated to the extent that the 
exchange of genes between them is absent or so slow that the genetic 
differences are not diminished or swamped. Races are defined as popu- 
lations differing in the incidence of certain genes, but actually exchang- 
ing or potentially able to exchange genes across whatever boundaries 
(usually geographic) separate them. These definitions are evidently 
based on biological, and particularly on genetic, criteria. To distinguish | 
species from races is, however, the chief business of systematists. Sys- | 
tematists perforce use morphological and geographic, and only very | 
rarely genetic, criteria in their work. This undeniable fact has misled 
Weidenreich and some other writers into thinking that genetic criteria 
are useless in defining the species of systematists. As a matter of fact, 
genetic species definitions are important to systematists because they | 
elucidate the real meaning of, and help in developing and perfecting, | 
the operational criteria which systematists normally employ. Indeed, a_ 
reform movement has been going on in systematics for several decades, 
and is still under way, to introduce the general use of the polytypiec 
species concept (see Mayr, ’42). It is recognized that most living species 
are more or less clearly differentiated into geographic races, each race 
occupying a portion of the species distribution area. The races, other- 
wise known as subspecies, may be connected by transitions in geo- 
graphically intermediate zones, or they may be separated by migration 
barriers and fail to show morphological connecting links. Racial dif- 
ferences can not persist if races come to inhabit the same territory, for 
in such a case the races, lacking reproductive isolation, would exchange 
genes, the differences between them would gradually be erased, and 
finally they would fuse into a single variable population. | 
If forms differing in several characters (more precisely: in several 
genes) coexist in the same territory, and the differences between them, 
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however slight, do not disappear in the course of time, these forms are 
evidently isolated reproductively, and hence must be regarded as dis- 
tinct species (sympatric species). The experience of systematists 
shows that, given adequate material, no difficulty is encountered in de- 
limiting sympatric species. Species living in different territories (allo- 
patric species) furnish most borderline cases. Races which occur in 
remote parts of the species territory may show as great, or even greater, 
morphological differences as sympatric species of the same genus or 
family do. If such races are connected by intergrades in the geographi- 
cally intermediate territories, they are considered races regardless of 
the magnitude of the morphological differences. The presence of inter- 
mediates is presumptive evidence that the extreme races are united by 
gene flow through the intermediate links, and, therefore, are unlikely to 
‘be isolated from each other reproductively. (Instances of ‘‘rings of 
races”’ are, however, known in which the extreme races coexist in the 
‘same territory without mixing, and yet are connected by intermediates 
living in other territories; such instances furnish some of the most 
beautiful ‘‘borderline cases’’ between race and species (cf. Mayr, ’42). 

It is when no intergrades between the inhabitants of different coun- 
tries are observed that the decision on the race-species issue becomes 
difficult. The systematist usually has no way of knowing whether and 
to what degree the forms in question are reproductively isolated; he 
can proceed only by inference. He estimates the magnitude of the 
morphological gap between the allopatric forms ih question, and com- 
pares this gap with the gaps usually encountered between known sym- 
patric species of the same genus or family. If the gap between the allo- 
patric forms is as great as or greater than that between related sym- 
patric species, the former are regarded as distinct species; otherwise 
they are considered races. This method evidently boils down to an 
estimation of the probability that reproductive isolation may have de- 
veloped between the allopatric forms under consideration. The limita- 
tions of this method are evident, but it remains the only recourse open 
to a systematist when experimentation is impractical. The ‘‘morpho- 
logical species’’ are inferences of the ‘‘genetic’’ species actually exist- 
ing in nature (Simpson ’43). Darwin’s oft quoted saying that in dis- 
tinguishing species from races ‘‘the opinion of naturalists having 
sound judgment and wide experiences seems the only guide to follow’’ 
remains true today, but not all those who quote it have a clear idea of 
what this adage means. For at least in our day, it is in making the esti- 
mates and comparisons of the magnitudes of the morphological gaps 
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between sympatric and allopatric species that the experience, judgment 
and artistry of a systematist come into play. 

In the light of the above definitions, living mankind is evidently not 
a ‘‘borderline case’’ but a single species, Homo sapiens, differentiateé 
into races so poorly delimited that their very number is estimated 
from two to about one hundred. It is true that populations of geographi- 
cally remote territories sometimes appear strikingly different in theim 
external and partly also in their skeletal characters; but such different 
races are connected by intergrades which usually inhabit geographically 
intermediate territories. The presence of the connecting links betweer 
the racial extremes is presumptive evidence that the gene flow from 
race to race is obstructed not by any forms of reproductive isolation 
but only by the geographical separation. If mankind were an ordinar 
biological unit, the above evidence would be regarded by any moderr 
systematist sufficient to rank it a single polytypic species. 

In the case of man, some additional evidence is available. Whereve 
and whenever human races come in contact in the same territory, the 
mix and exchange genes more or less freely. There is no indication i 
either lessened viability or of sterility of hybrids. Caste and class bar- 
riers sometimes impede the free gene flow from race to race, but it i 
doubtful if these barriers can justifiably be compared with sexual iso 
lation as the latter exists on the biological level. Be that as it may, it i 
certain that none of the existing caste and class barriers are stron 
enough to reduce the gene exchange between the human races to a poin 
where the racial differences might remain constant or even increase i 
the course of time. It is quite possible that before the dawn of civiliza- 
tion the human races were diverging, and might have eventually becom 
separate species if this process of divergence would have been allowe 
to go on. But it is quite certain that species separation has not been 
reached. On the contrary, civilization has very early reversed the 
process; first a gradual and recently a much more rapid gene exchange 
has set in, tending toward eventual fusion of the races ina single greatly 
variable population. Despite the attempts of the Nazis and their imi. 
tators, it may be doubted that this trend can ever be reversed again. | 

Nevertheless, opinions are voiced from time to time that mankind is 
not a single but a group of species (e.g. Osman Hill, 40). These opini- 
ons are due to unfamiliarity with or to misunderstanding of the poly- 
typic species concept of the modern systematists and the race and 
species definitions based on genetic considerations. After all, any term 
in science, including the term ‘‘race’’ and “*species’’, means only what 
we make it mean. The time is not far past when many systematists 
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designated as species any two populations which they could (or thought 
that they could) distinguish by examining the mor phology of a single 
specimen. To quote an example of this in a group of animals not very 
remote from man — Elliot (’12) recognized as many as ten species of 
chimpanzee instead of a single one! Lately such extravagances are 
becoming rare, but conservative systematists still cling to a purely 
morphologic species concept. Those who misunderstand the genetic race 
and species concepts are prone to point out that undoubted species 
‘sometimes produce a few hybrids in nature, or can be made to do so in 
laboratories or in captivity. As far as gene exchange between popula- 
,tions of two species is concerned, the behavior of these species in the 
laboratory is irrelevant; if fertile hybrids are occasionally born in 
nature, it is the frequency of these hybrids which is important. For if 
the gene exchange is slow enough, then the species populations may 
continue to diverge. The human races exchange genes at rates which 
cause their convergence, which, as pointed out above, not only prevents 
these races from ever attaining the species level but even from re- 
maining constant. 

Excepting certain phenomena, such as polyploidy, which need not be 
‘considered in discussing the evolution of man, the process of evolu- 
tionary divergence is in general too slow to be noted in a lifetime. A 
ssystematist of living organisms observes the results of the evolutionary 
process and not the process itself. This is why we find full-fledged 
species, undoubted races, as well as ‘‘borderline cases’’. There are 
‘some indications that, although races and species diverge slowly and 
gradually, the transformation of race into species (i.e. the development 
of reproductive isolation) entails a sort of an evolutionary crisis, which 
is relatively rapid. Forms caught in the midst of this crisis at our time 
level are a minority, although they are more numerous in some groups 
ithan in others. While a systematist of living organisms observes, so 
ito speak, a single snap-shot of the evolution of life, the paleontologist 
aspires to obtain a series of snap-shots, which should add up to a motion 
picture. 

Paleontologists describe (a) ‘‘horizontal’’ species and races among 
ithe forms which existed on the various time levels for which data are 
‘available, and (b) ‘‘vertical’’ species and races which are formed 
owing to the changes which a given organism undergoes in the course 
of time. It might seem that classification of fossils can be based only 
on morphological criteria, and that genetic concepts and methods are 
‘of no relevance to paleontology. Thus, Weidenreich (’43) assures us 
ithat ‘‘no interbreeding will ever decide whether there is a relationship 
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between ‘Hoanthropus’ and an Englishman or between ‘Eoanthropus’| 
and an anthropoid or of what kind such relationship may be.’’ The ap-| 
plicability of genetic concepts needs not, however, be understood so 
naively. According to Simpson’s (43) excellent formula, ‘‘a taxonomic| 
species is an inference as to the most probable characters and limits of | 
the morphological species from which a given series of specimens has) 
been drawn,’’ while the ‘‘morphological’’ species is an inference of the 
‘‘ovenetic species.’’ In describing ‘‘horizontal’’ species the paleontolo-_ 
gist may use essentially the same methods which are used by neontolo-_ 
gists, although additional difficulties are evidently encountered in the 
work with fossils (Simpson, 43). Sympatric species which existed on 
a given time level are established first, then the magnitude of the mor-. 
phological gaps between them is estimated, and finally allopatric species 
are delimited by comparison with the sympatric ones. In some groups 
of fossils, as well as in some living organisms, the material available 
may be, and frequently is, not adequate to reach conclusions that may 
be relied upon. It must be realized very clearly that in some groups of 
organisms the species and races are established with a much greater 
degree of assurance than in other groups, in which the ‘‘species’’ arg 
only temporary devices useful for making a rough catalogue of the in- | 
formation on hand (for a discussion of this see Mayr, 742, and Camp 
and Gilly, ’43). But this is no reason for obstinate retention of out-’ 
moded ideas about the nature of biological species and the methods of 
studying them. 

Since the criterion of reproductive isolation is clearly inapplicable 
to organisms separated in time, the definitions of species and racedl| 
based on this criterion (see above) do not directly bear on the ‘‘vertical”’ | 
species of the paleontologists. In practice, the incompleteness of the 
geological record is made use of in making ‘‘vertical’’ classifications: 
the gaps in the fossil series subdivide the continuous succession of forms. 
into discrete sections. The practical question is, then, how ‘long’? | 
should be the sections called species in contrast to those called races? 
According to Simpson (’43) ‘‘successive taxonomic units are inferences. 
as to morphological units such that the net difference in morphology | 
between corresponding parts of those units is of the same order as that. 
between horizontal units of the same rank in the same or allied groups.’ 
This convention has the advantage of at least indirectly referring to a 
phenomenon of an undisputed biological significance — reproductive 
isolation between populations of sympatric species. | 

Although the material on fossil hominids has recently increased owing 
to several highly important findings having been made during the de-| 
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sade preceding the war, it can not be gainsaid that the data available 
remain unsatisfactory. Fossil specimens are usually odd bones or bone 
fragments; this raises endless difficulties in reconstruction and inter- 
oretation. The timing of some of the fossils is inexact or difficult to 
sorrelate with that of others. No specimens have yet been found in 
2xtensive, and possibly critical, sections of the world. Nevertheless, 
some facts and theories have emerged which seem to call for a com- 
mentary from the viewpoint of genetics. The works of Hrdliéka (’30), 
McGregor (’38), McCown and Keith (’39), and Weidenreich (743) 
aave been used as principal sources for the following discussion. 

The recently discovered remains of several individuals of Peking 
and Java men make the second Glacial period the earliest time level for 
which a reasonably abundant material on fossil hominids is available. 
Despite the earlier doubts, it seems now certain that the differences 
oetween Peking and Java men are easily within the magnitude range of 
che differences between the living human races. Therefore, these forms 
cepresent two apparently rather closely related horizontal races of the 
same biological species, Homo erectus.1 What kind of humans lived at 
the same time in parts of the world other than Java and China, is an 
open question. The remains of the alleged ‘‘ Piltdown Man’’ are distinct 
‘rom and older than Homo erectus, but it now seems fairly clear that 
shese remains are a mixture of ape and human bone fragments. The 
Heidelberg man, the Swanscomb, Steinheim, and the so-called ‘‘ African- 
shropus’’ remains are either too fragmentary or too insecurely dated 
(o furnish a safe basis for classification. Only one thing is certain — 
che populations of Europe and Africa were not identical with those of 
Java and China. The human species was then, as it is now, differenti- 
ated into geographic races. 

During the third interglacial (Riss— Witirm) and the last glacial 
beriods Europe was inhabited by Neanderthal men, known as Homo 
neanderthalensis (— primigenius). This is the best known of the fossil 
nominids. Morphologically, it is not strictly intermediate between 
domo erectus and modern man, but shows what Weidenreich describes 


4 


' 1In his 1940 paper, Weidenreich denotes Java man and Peking man as Homo erectus java- 
iensis and Homo erectus pekinensis respectively (the name Homo erectus erectus would be the 
vorrect one for the former). But in 1943 this author relapses into the use of the misleading 
names Pithecanthropus erectus and Sinanthropus pekinensis, continuing to admit that they 
‘epresent only races and not separate species or genera, and arguing that these are ‘‘ just names 
vithout any ‘generic’ or ‘specific’ meaning.’’ Unfortunately, these names do connote a generic 
ind a specific, rather than a recial, difference to anyone familiar with the biological nomen- 
lature. The abuse of generic and specific names by students of the hominid evolution is 
1otorious; it is making this fascinating field rather bewildering to other biologists. 
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as ‘‘an intermingling of primitive and advanced characters.’’ The Nean- 
derthalians were differentiated geographically. Weidenreich distin- 
euishes four subgroups (horizontal races?), living respectively in) 
Central and Southern Europe, Palestine, and South Africa (the last of 
these, the Rhodesian man, is so distinct from the more northern sub- 
groups that other authorities do not consider him close to the Neander- 
thalians; its age is also uncertain, so that both a horizontal and a verti- 
cal race may be here involved). The Neanderthal man in Europe dis- 
appeared rather abruptly during the last glacial period, being replaced 
by a type which definitely belongs to Homo sapiens. Where this Homo 
sapiens came from is obscure, but the lack in Europe of an obvious 
transition between Homo neanderthalensis and H. sapiens, two forms 
which were at least for a brief interval contemporaneous, could be used 
as an argument in favor of considering them distinct species. The re- 
placement of Neanderthal man by Homo sapiens seems to resemble the 
instances known in biology when a better adapted species invades the 
territory of a less well adapted one, and displaces the latter without 
mixing with it. To be sure, some anthropologists (e.g. Coon, 739) be- 


lieve that the now living populations of some corners of Europe dis- 
play certain characteristics derived from the Neanderthalians. The 
evidence on which this view is based is, however, not conclusive. 
Fortunately, the problem of the biological status of the Neanderthal 
has been elucidated by the remarkable findings of McCown and Keith 
(739) on Mount Carmel in Palestine. These authors have described 
an extraordinary fossil population, which lived apparently during the 
third interglacial period, and which consisted of individuals ranging 
from a typical Neanderthalian to a Homo sapiens with some character- 
istics of the former. The interpretation of this great variability given 
by McCown and Keith is that the Mount Carmel population was ‘‘in 
the throes of evolutionary change,’’ with the Neanderthalian and the 
modern types emerging from an ancestral form. The improbability of 
this view, even on the assumption that the Neanderthalian and the 
modern types differed in a single gene, has been pointed out by Ash- 
ley Montagu (’40). Since this difference was doubtless a resultant of 
numerous interacting genes, the interpretation of McCown and Keith 
is excluded. Indeed, two types differing in a system of genes can not. 
crystallize out of a mixed population without the interbreeding of 
these types being prevented by a spatial separation. The Mount Carmel 
population arose, therefore, as a result of hybridization of a Neander- 
thaloid and a modern type, these types having been formed earlier in 
different geographical regions. It is evidently improbable that a rare 
instance of species crossing has been preserved on Mount Carmel; 
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hybridization of the Neanderthalian and the modern forms must have 
been a frequent occurrence, at least in Palestine and at the time when 
the Mount Carmel population lived. Therefore, the data of McCown 
and Keith prove something very different from what these authors 
themselves thought they demonstrated, namely that the Neanderthal 
and the modern types were not isolated reproductively, and, hence, 
_were races of the same species rather than distinct species. This shows 
how rash are the assertions of some writers that in fossil forms evi- 
dence on presence or absence of reproductive isolation can never be 
obtained! 
_ Whether the Peking and Java men were specifically, or only racially, 
distinct from the Neanderthalians, is an open question. This question 
might be settled some day by findings analogous to that made on Mount 
Carmel. Otherwise, the future work may disclose that at a certain time 
level populations resembling the Peking, the Neanderthal man, as well 
_as populations intermediate between ne, two, existed simultaneously in 
| different parts of the world. This would constitute a presumptive evi- 
dence of a specific unity of the Peking and the Neanderthaloid types.” 
The Mount Carmel population also shows that, in Hominidae, a morpho- 
logical gap as great as that between the Neanderthal and the modern 
types may occur between races rather than between species. This is 
useful information for builders of horizontal as well as vertical classi- 
fications of fossil hominids. 
There are several insufficiently known fossil types which differ both 
from the living Homo sapiens and from the fossil Homo erectus and 
“Homo sapiens neanderthalensis, without being strictly intermediate 
between any two of the latter. Here belong the already mentioned 
Heidelberg, Steinheim, and Swanscombe remains from Europe, ‘‘ Homo 
-soloensis ’? from Java, and ‘‘Africanthropus’’ and Rhodesian man from 
Africa. Paleoanthropologists are far from agreed about the nature 
‘and significance of these types. Two trends of thought are marked. 
‘The first view, which may be called the classic one, assumes that the 
course of the hominid evolution has been steadily divergent, producing 
‘a phylogenetic tree with many branches. The known fossils represent 
mainly some of the branches, and only rarely the main phylogenetic 
trunk. All the branches but one withered and became extinct; the sole 
surviving branch is the present Homo sapiens. This branch has, in 


2It should be emphasized that such an evidence, if obtained, would not necessarily indicate 
-a specific unity of the Peking and the modern types, even though we know that the modern 
and the Neanderthaloid types should be classed as subspecies of the same species. The ‘‘rings 
of races’’ mentioned above show that forms A and B, as well as B and C, may behave as races, 
while A and C behave as distinct species. This paradoxical situation is a consequence of the 
fundamental continuity of the evolutionary process. 
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turn, split into diverging twigs — the present human races. The second 
view, set forth very ably by Weidenreich, supposes that during the 
Pleistocene different strains of the human species, in different regions 
and at different speeds, were independently passing through the same 
general series of evolutionary ‘‘stages’’ leading from an anthropoid 
to the modern human type. The racial differentiation of living mankind 
has its roots at a level much antedating the attainment of the Homo 
sapiens ‘‘stage.’’ Thus, the Java man is linked through ‘‘Homo solo- 
ensis’’ to the Australian aborigine; Peking man leads, through an un- 
known Neanderthaloid form, to the Mongolian race, just as the Rhode-. 
sian man might have given rise to certain African and the European 
Neanderthal man to certain European races. Homo erectus, the Nean- 
derthalians, and other fossil types have not disappeared without issue 
— their offspring became transformed into the living humanity. 

Weidenreich’s theory has a superficial resemblance to Klaatsch’s 
notion of a polyphyletic origin of man from orang-like, gorilla-like, 
and chimpanzee-like ancestors. This notion breaks down because the 
now living orang, gorilla, and chimpanzee are unquestionably separate 
species, apparently completely isolated reproductively. It is highly 
unlikely that full species could converge to such an extent that the 
human races derived from them show no reproductive isolation at all. 
If, on the other hand, the potentially human offshoots of orang, gorilla, 
and chimpanzee separated before these forms themselves became repro- 
ductively isolated and specifically distinct, then it is misleading to 
speak of ancestral forms resembling the now living species. Weiden- 
reich’s theory is, however, free of such objections as the above, because 
this author expressly states that ‘‘the hominids have formed — and 
still form — one family or, in a strictly taxonomic sense, one species 
and are all more or less related to each other in spite of manifold re- 
gional variations.’’ In genetic terms this would mean that only 
geographic segregation, and none of the several known forms of repro- 
ductive isolation, kept apart from each other the different branches of 
the human species. A mutation or a genotype arisen in any one place. 
is potentially able to reach all other human populations. Weidenreich’s 
is a theory of parallel development of races, not of species. 

The question now arises why several hominid races, living in parts 
of the world with quite different climates and environments, have all 
gone through similar series of changes leading from Homo erectus, 
through a Neanderthaloid, and to the modern Homo sapiens stage. 
Weidenreich (’41, 743) attempts to answer this by an ingenious 
theory which correlates the changes in several ‘‘characters’’ with a 
single fundamental trend — a gradual increase of the brain size. This 
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becomes, however, a theory of orthogenesis, and Weidenreich very 
wisely refrains from guessing what were the causative agents which 
impelled different races of a species to evolve independently but asyn- 
chronously in the same direction. The problem of possible genetic in- 
terpretations of orthogenesis is too complex to be discussed here; the 
truth is that geneticists prefer to avoid assumptions of inherent ortho- 
genetic trends, unless proof is forthcoming that such assumptions are 
necessary. There is no such proof in the case of hominid evolution. The 
basic fact which leads Weidenreich to assume parallel evolution of races, 
is the presence of morphological traits binding the major racial sub- 
divisions of the living Homo sapiens to the primitive hominids which 
resided in the corresponding geographic regions during the Pleistocene. 
This interesting fact may, however, be accounted for in different ways. 
The environment prevailing in different parts of the world may favor, 
through a process of selection, the development in the inhabitants of 
these parts of certain morphological characteristics. Or else, hybridi- 
zation of members of invading and indigenous races may permit the 
retention in a population of a country of some characteristics derived 
from remote indigenous forbears. 

The classic theories of hominid evolution assume, in contrast to the 
parallel evolution theories, continuous radiation and divergence of 
human types. Adherents of these theories have disqualified one after 
the other the known fossil types as progenitors of the now living Homo 
sapiens, reducing these types to the status of mere ‘‘side branches’’ of 
the hominid trunk. As Howells (’42) correctly says: ‘‘the more domi- 
nant the factor of evolutionary radiation is taken to have been, the less 
reason there is for assuming any connection at all between modern man 
and fossil forms, except only through a remote common ancestor.’’ 
Whence our ancestors came and when, what they were like, and how 
this hypothetical stock split up into the existing races remains un- 
decided. All the known fossil forms, except for some relatively very 
recent ones (Cro-Magnon, Grimaldi), are assumed to have been re- 
placed by the hypothetical immigrants without mixing with the latter 
to an appreciable extent. This implies the assumption of reproductive 
isolation between these forms.? Yet, as far as known, no more than a 

*Such an assumption would at least make the classical theories self-consistent. Actually, 
most authors qualify the descriptions of their fossil ‘<species’’ and ‘‘genera’’ by protestations 
that they do not suppose these species to be ‘‘ mutually sterile.’’ This is followed by supposi- 
tions that these species are replaced in time and in space by other species, with little or with 
no hybridization. Now, sterility is, of course, only one of the several known reproductive 
isolating mechanisms. This shows that an finderstanding of the biology of speciation is neces- 


sary for a valid interpretation of the hominid evolution. The distinction between species and 
races is not merely a matter of words or of convenience. 
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single hominid species existed at any one time level. All the phy- 


logenetic transformations in Hominidae were always taking place with- 


in a single genetic system, a species consisting of geographically, but 
not reproductively, isolated races. Such a system is more plastic in the | 


evolutionary sense than systems composed of several competing species. 

When a species splits up into geographic races, these races diverge, 
develop reproductive isolation, and become separate species, it is pos- 
sible to say that each one of the derived species arose in a certain part 
of the distribution region of the ancestral one. But when, as is appar- 


ently the case in hominids, a single species changes in the course of | 


time, the species existing on a given time level may have been derived 
either from a part or from the whole of the species which existed on 
the preceding time level. Therefore, there is no a priori need to as- 
sume that the character and gene complexes which are collectively 
known as the modern species Homo sapiens arose in any one place or 
at any particular time. Favorable mutants occur repeatedly and in 
different parts of the distribution area of a species. Gene combinations 
superior to the prevalent types may also arise in various places and at 
different times, although the more complex a gene combination is the 
less probable becomes its independent and repeated origin. 

A well adapted gene combination may form a local race, which may 
subsequently spread by supplanting other local races. But in a large 
and widely distributed species, many local races in different parts of 
the area are likely to be in the process of expansion at any given time, 


while other local races are contracting. The expanding strains which — 


contain different evolutionary improvements may eventually meet and 
hybridize. Types possessing combinations of advantages originally 


present in several separate strains may be produced owing to Mendelian | 
recombination. A type which arises in a certain territory is thus built 


of elements which came into existence in other territories. It may be 
noted that the expansion of a local race at the expense of others may 
take place, on the animal as well as on the human level, either by peace- 
ful (hybridization, marriage) or by violent means (inter-racial struggle, 
war). The expanding race is, however, likely itself to undergo changes 


in the process of expansion, because of interbreeding with members of | 


other races and because of settling down in territories with different 
environments. At any one time the species is likely to consist of a 
multitude of diverse racial strains, none of them ‘‘pure’’. 

The conception that the modern Homo sapiens arose in some definite 
place, then spread the world over destroying outright all other hominid 
strains, and finally split up into races which in turn proceeded to di- 
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verge from each other, is probably an oversimplification of the actual 
story. Weidenreich is almost certainly right when he asserts that sev- 
eral (perhaps even all?) known fossil hominids are actual ancestors of 
the living mankind, but it is hardly necessary to assume that each fossil 
type became transformed into a definite human race. The contributions 
of the ancestral types to the gene pool of the species have been broken 
up and recombined by the sexual process, as well as sorted out by natural 
selection, before they became incorporated into the modern racial geno- 
types. The ‘‘classic’’ theory is probably justified to the extent that 
»some of the races of the past have contributed more germ plasm than 
others to the formation of the present humanity. 

Many parts of the Old World were inhabitated during the Pleistocene 
by some hominid forms. The distribution means which man possessed 
at the dawn of civilization were, however, quite imperfect compared to 

the ones developed later. Even though the mankind was genetically a 
single system, a race inhabiting a certain territory during the Pleisto- 
cene might have remained unaffected for a long time by the genotypes 
emerging in far away parts of the species area. The Neanderthal race 
had lived in Europe for some 100,000 years before being displaced 
25,000-30,000 years ago by types approaching the modern ones. The 
present population of Europe is descended from these relative new- 
comers to a greater extent than from the Neanderthalians; where the 
former came from is unknown, but some parts of Asia seems the likely 
source. Yet, there are some indications that the inhabitants of the 
_pre-Neanderthal Europe had some rather ‘‘advanced’’ human charac- 
ters. It is possible, then, that the carriers of these advanced characters 
were first displaced in Europe by the Neanderthalians, then their pro- 
geny acquired some further ‘‘advanced”’ traits by crossing with some 
non-European strains, and lastly returned to Europe to displace the 
-Neanderthalians. The genes which compose the genotype of the modern 
mankind have quite probably arisen in different parts of the world and 
at different times. The gene patterns characteristic of the modern 
humanity might have appeared either rather suddenly in some par- 
ticular region, or they might have been arrived at gradually in many 
parts of the world inhabited by the ancestral hominid species. 

We have spoken of the expansion of local races possessing superior 
adaptations to the environment, and of contraction of less well adapted 
types. Yet, anthropologists are generally of the opinion that most 
racial characters in man have no adaptive value. Thus, Howells (’42), 
apparently blissfully unaware of the difficulties so incurred, says: ‘‘the 
great majority of racial features are obviously not adaptational, and 
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consequently bespeak a more or less random fixation of random varia- 
tions’’. This amounts to rejection of the simplest hypothesis which can 
account for the origin of racial differentiation, ramely that it is brought 
about, at least in part, by natural selection of genotypes possessing 
adaptive values higher than other genotypes in the environments in 
which the species normally lives. The process ‘‘of random fixation of. 
random variations’”’ in populations of limited genetically effective size 
may, as shown by Sewall Wright, be highly important in evolution (see 
Dobzhansky, ’41). This process, known as the genetic drift, may ex- 
plain certain types of racial divergence (e.g. the variations in the fre- 
quency of the blood group genes A, a®, a). In conjunction with selection, 
the genetic drift becomes a powerful evolutionary agent, since under. 
certain conditions it makes the species more plastic in the evolutionary 
sense than a form controlled by a rigid selection alone is likely to be. 
But it is very improbable that the genetic drift alone, not aided by any 
form of selection, could account for the whole or even for a major part 
of the racial differentiation in Homo sapiens. This supposition would | 
become fantastic if invoked to explain the whole evolution of Hominids. | 
The lack of reliable data on the adaptive significance of the charac- | 


teristics distinguishing the human races is, in the opinion of the writer, 
the greatest gap in our understanding of hominid evolution. This is a 
very important, but very difficult, field for future investigations. In- | 
deed, most racial characters, especially the visible external ones, seem 
altogether too trifling to assist or hinder the survival or reproduction 
of their carriers in any way. Yet, it is possible that careful investiga-_ 
tion might disclose these characteristics to be connected with some. 
physiological properties having some, at least slight, adaptive value. 
The inference of Weidenreich (’41), that the increase of the brain size 
entails a series of structural modifications in the human skeleton, offers 
very interesting possibilities, because it indicates correlation between | 
a highly important adaptive property and some characters which by | 
themselves seem to be adaptively neutral. In discussions of this problem 
it should always be kept in mind that no life-or-death utility is needed 
for a trait to be sensitive to selection pressures. Similarly, it should | 
be realized that on the human level various forms of selection dealing 
with tastes, preferences, prejudices, as well as the sexual selection in the 
strict Darwinian sense may be very effective. The range of characters | 
which may be subject to these cultural and sexual forms of selection may | 
be great indeed. 
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SUMMARY 


_ 1. Species in sexual cross-fertilizing organisms can be defined as 
groups of populations which are reproductivly isolated to the extent 
that the exchange of genes between them is absent or so slow that the 
genetic differences are not diminished or swamped. Races are defined 
‘as populations differing in the incidence of certain genes, but actually 
exchanging or potentially able to exchange genes across whatever 
‘boundaries separate them. 

2. The above definitions are evidently based on genetic criteria. The 
‘‘morphological’’ species and races are inferences of the ‘‘genetic”’ 
‘ones, just as ‘‘taxonomic’’ species and races are inferences of the 
“‘morphological’’ ones. 

3. Living mankind is a single polytypic species. 

4. On the basis of the available data there is no reason to suppose 
that more than a single hominid species has existed on any time level 
in the Pleistocene. Particularly, the findings of McCown and Keith on 
Mount Carmel prove that the Neanderthal and modern types were races 
of the same species rather than distinct species. 

5. If the hominid evolution took place within a single species sub- 
divided into races, the differences between the classic theories of evolu- 
tionary divergence and Weidenreich’s theory of parallel evolution of 
hominid stems do not appear very serious. 
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BLOOD GROUPS, SUBGROUPS, M-N AND RH 
TYPES OF CHINESE? 


ALEXANDER S. WIENER, EVE B. SONN AND CHIEN L. YI 


Office of the Chief Medical Examiner and the Chinese Blood Bank of 
New York City 


In a previous paper (Wiener, Belkin and Sonn, ’44), a comparative 
study was presented of the distributions of the various blood group 
factors among Negroes and Whites in New York City. Recently, we 
had the opportunity to carry out a similar study on Chinese, most of 
whom came from Southern China. The purpose of the present paper 
is to record our findings on a series of 138 Chinese bloods. 


MATERIALS AND METHODS 

The individuals supplying the blood samples used in this investiga- 
tion were all presumably full-blooded Chinese who came to the Chinese 
Blood Bank as volunteer donors, to give blood to be used in the prepara- 
tion of dried plasma. At the time when the blood was drawn, 5 ec. were 
collected in a separate tube containing 1 cc. of 3.8% dihydric sodium 
citrate solution. These blood samples were stored in the refrigerator 
without the addition of any preservative. The blood samples were 
tested after intervals of 5 to 10 days. 

Though some of the samples were 7 or more days old when examined, 
only a few of the bloods were hemolyzed or were in such poor condition 
that they had to be discarded. On the whole, the reactions were clear- 
cut, despite the differences in age of the blood samples. 

The technique of the tests has been described in detail elsewhere 
(Wiener, Sonn, and Belkin, ’44; Wiener, ’43), and will, therefore, 
not be repeated here. 

RESULTS 

As in the preceding paper, the results of the blood grouping, sub- 
grouping, M-N, and Rh tests will be presented and discussed in the 
order named. 

Blood groups and subgroups. Table 1 presents the distribution of 
the blood groups of 138 Chinese and, for comparison, a previously 
reported series of 1077 Whites. 


1 Aided by a grant from the United Hospital Fund of New York City, and a grant from 
the Carnegie Foundation through the Committee on Human Heredity of the National Research 


Council. 
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The most striking new finding is the complete absence of Subgroup 
A, among Chinese individuals, in contrast to the situation in Whites 
where as many as one-fourth of the individuals of groups A and AB 
belong to subgroups A, and A,B, respectively. It is of interest to note 
that a similar distribution of the subgroups has been encountered in 
tests on Polynesians (Nigg, ’30), American Indians (Matson, Levine 
and Schrader, ’36; Landsteiner, Wiener and Matson, ’42), and Eskimos 
(Sewell, cited after Boyd, ’39a). Except for the Polynesians, these 
groups, like the Chinese, are a part of the Mongolian race. | 

Our blood group data on Chinese exhibit the high frequency of gene 
B that is a well-known characteristic of the Mongolian race. | 


TABLE 1 


Blood groups and subgroups among Chinese. 


FREQUENCIES OF 
GROUPS AND SUBGROUPS 
NUMBER 


| 
| GENES 
or | 
SERIES INDI- | 
yee | Group Group A Group | SEO AB ie A. 3 F 
| ; Aa Ao | A:B ee 
Chinese ico | | | 
AG S \ xr | | x 9 
New York City 138 | Number | 43, 45 0 =e | T25 is0 3.4/0 |20.2155.8 
(present study) Per Cent 31.2 | 32.6 | 0 27.5 8.7 | 0 
| | | 
Whites | 


| 
New York City? 1,077 Per Cent! 41.7 | 29.0 | 8.9 | 13.9 5.2 | 1.4 118.1! 6.5 110.0 64.6 


* Wiener and Sonn, cited by Wiener (43, p. 323). 


In the very first study on the racial distributions of the blood groups 
by the Hirschfelds (’19), these workers pointed out the progressive 
increase in the frequency of gene B as one proceeded from West to 
East in Eurasia. Bernstein (’32) has pointed out that the highest q 
values (above 30), where q represents the frequency of gene B, occur in 
Central Asia, particularly in the vicinity of the Indus and Ganges 
Rivers. If one proceeds from this center in all directions, whether North, 
South, Hast or West, one notes a progressive decrease in the q values, 
with only a few significant exceptions. The chief exceptions, as Bern-. 
stein points out, are (1) nomads, such as the gypsies in Austria, the| 
Tartars at the mid-point of the Volga River, and the Kalmucks on the 
Northwest coast of the Caspian Sea; and (2) islanders, such as the 
Polynesians and Ainu, where the effect of isolation and intermarriage 
of small groups has altered the blood group distributions. This sug- 
gests that gene B arose by mutation in Central Asia, whence it spread 
throughout the world in all directions (cf. Candela, °42) | 
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_As far as China is concerned, Bernstein states that there is a pro- 
sressive fall in the frequency of the B gene as one proceeds from North 
o South. Significantly higher q values have been reported for North 
Jhina than for South China, the dividing line being taken as the Yangtze 
tiver. For example, Backiang-Liang (cited after Bernstein, ’32) in a 
eries of 1000 individuals found: 
North China: p=19.9; q= 20.4; r=59.2 

Souths Chinak:i 7: — 20 51)-\q — 16,0" — 0807) 
nd Yang (cited after Bernstein, ’32) found in a series of 5435 indi- 
‘iduals: 
Worth “Chima p= 20-65) q/ == 19 55 594 
South China: p= 21.3; q=15.0; r= 65.2 
It is interesting to note that for Peking the q values have been re- 
sorted to be as high as 25.8, which is in conformity with its extreme 
orthern location close to the Great Wall. 
If, as Bernstein believes, gene B comes from Central Asia, the ques- 
ion arises how and when gene B was introduced into China. The exact 
rigin of the Chinese is not known.? Some authorities assert that they 
riginated in the Tigris-EHuphrates valley, while others hold that the 
Yhinese as well as the earliest civilized inhabitants of Mesopotamia 
ame from Central Asia. The first historical records relating to the 
Jhinese date from about 2000 B. C. As the Chinese expanded south- 
yard to the Yangtze River and to the sea on the Hast, they conquered 
nd assimilated certain aborigines. From earliest historical times, 
1oreover, when the Chinese people were mostly located north of the 
7angtze River, they were subject to invasion by peoples living to the 
orth and west of them. On the other hand, during certain dynasties, 
he Chinese in turn invaded the surrounding country, extending their 
afluence at times as far west as Mesopotamia and as far Hast as Korea. 
‘he most significant invasions occurred between the third and fifth 
enturies A. D., when the Tatars and Tibetans extended as far south 
's the Yangtze River, and in the thirteenth century when the Mongols 
avaded China. At any rate, if Bernstein’s theory is correct that the 
? gene was introduced into China from Central Asia, there was ample 
‘pportunity for this to occur during historic times. It is not possible 
5 say whether the Tatars, Tibetans, or Mongols were chiefly re- 
ponsible, or if they all contributed in equal degrees. Undoubtedly, the 
ecent wholesale dislocation of populations caused by World War II 
vill cause further geographical changes in the blood group distributions. 


|? The historical discussion presented here is based on facts presented in the article on China 
. the Encyclopaedia Britannica (14th ed., ’36). 
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A few remarks concerning the American Indians may be of interes 
in view of their supposed Mongolian derivation. While most tribes ¢ 
Amerindians belong to group O, some have been found to possess var; 
ing amounts of group A (Matson and Schrader, ’33; Boyd, ’39b). 
already mentioned, however, all the group A individuals belong 
subgroup A,, while genes 4, and B appear to be lacking. This sugges 
that the American Indians separated from the main Mongolian trunk : 


prehistoric times before gene B was introduced from Central Asi 
The existence of tribes of American Indians with high frequencies + 
subgroup A, would therefore suggest the greater antiquity of this ger 
among the Chinese, while gene B was probably introduced into Chin 
far more recently. | 

TABLE 2 


M-N types among Chinese. 


| TYPES FREQUENCIES OF GENE 


NUMBER | 
DEAS) soso ne 
TESTED | | M N MN m n 
Chinese, N.Y.C. 138 , Number | 44 30 64 jj 
(present study) ' Per Cent | 31.9 21.07 46.4 55.1 44.9 
Whites, U.S.A.2 
(mostly N.Y.C.) 6,129 | Per Cent | 29.15 | 21.25 49.6 54.0 46.0 | 
Chinese, Hong Kong ? 1,029 | Per Cent | 33.2 18.2 48.6 57.5 42.5 


Chinese, Cantonese | | 
(Boston)* 101 ' Per Cent | 38.6 15.8 | 45.5 61.4 38.6 


* Cited from Wiener (43, p. 326). 
? Ride (’35). 
* Alley and Boyd (’43). 


M-N Types. In table 2 are presented our data on the distributi 
of the M-N types in a series of 138 Chinese and, for comparison, so 
previously reported studies on Chinese and also some data on Ne 
York City Whites. The difference in incidence of genes M and N i 
Chinese, as compared with Whites is small and not statistically si 
nificant. Additional studies on larger series of Chinese would be d 
sirable. 

Rh Types. In table 3 are listed the results of tests on our series 
138 Chinese bloods with standard anti-Rh,, and with anti-Rh’ “ied 
together with similar data on Whites and American Indians. It wi 
be seen that our results agree closely with those reported by Levin 
and Wong (’42) in that the incidence of negative reactions with bot 
sorts of sera is much lower in Chinese than in Whites. | 
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_ Of the seven Chinese bloods giving negative reactions with the anti- 
Rh’ serum, all but one reacted strongly with anti-Rh” serum. Of the 
138 Chinese tested, therefore, two belong to the Rh-negative type, one 
to type Rh, and six to type Rhy. Of the remainder the great majority 
were of type Rh, while the balance belonged to type Rh, Rhy. 


TABLE 3 


Eh factors among Chinese in New York City. 


| suwsen ‘ astcatieai i i oe 
LAB ELD | INDIVIDUALS 
| Sey Positive Negative Positive Negative 
Chinese, N.Y.C. | Eh f Number | 136 | 2 ist Sy ay 
(present study) | | Per Cent 98.5 1.5 94.9 | 5.1 
ee ce ees Number 541 81 440 | 182 
wo ds oe “« | Per Cent 87.0 13.0 70.4 | 29.6 
| Chinese ? | 150 | Per Cent 99.3 0.7 93.0 | 7.0 
White * 334 | Per Cent 85 15 73 ee 
ee f 119 -|s~Per Cent 99.2 (ae aes (wht 
econ AaGens 5) Bor). ePersGentullis o..2% f 58 42 


1 Wiener, Sonn, and Belkin (744). 

7 Levine and Wong (742). 

4 Levine (742). 

‘ Landsteiner, Wiener, and Matson (742). 


TABLE 4 


The eight Rh blood types and their approximate distribution among Whites in New York City.’ 


cae | le geet AE ™ | aa 
Designation % | Rh, | Rh’ | Rh” | Designation % | Rh, Rh’ | Rh” |Designation| % 

= 1! — — _— SE | 

Ww if = ier eases Ae Pe Rh, | 2 

A tel Uh | Rh’ Ls} + | + | = Rh, 52 

Vv | 16.5 ee a ; + | Rh” OFS a ate a Rh, 16 
UV 166 Ln] PS | Se SBN RAY ey | a Oe OM eae ae 
1For nomenclature, see Wiener (744). 7 Extremely rare; not yet observed. 


For convenience of reference, in table 4 are presented the reactions 
of bloods of the eight Rh types with the three agglutinins, standard 
anti-Rh,, anti-Rh’, and anti-Rh”. The approximate distribution of the 
types among Whites in New York City is also given for comparison with 
our findings on Chinese. 

The bloods of American Indians, like those of Chinese, give very 
few negative reactions with standard anti-Rh, serum, but they give 
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many more negative reactions with the anti-Rh’ serum than either 
the Chinese or the Whites. In this respect, Amerindians resemble 
Negroes. This apparent contradiction would be reconciled if the bloods 
of American Indians, negative with the anti-Rh’ serum, are found to 
give regularly or almost regularly positive reactions with anti-Rh” 
serum. As was shown in the previous paper (Wiener, Belkin and Sonn, 
44), Rh-positive bloods negative to the anti-Rh’ serum include two 
types, Rh, and Rh,, of which the former predominates in Chinese and 
the latter in Negroes. Therefore, it is reasonable to assume that type 
Rh,, rather than type Rh,, should also predominate in American Indians. 
Unfortunately, however, bloods of American Indians were not available 
to test this assumption. 


SUMMARY 


Tests were carried out on 138 blood samples from presumably full- 
blooded Chinese for the blood groups, subgroups, M-N types, and Rh 
factors. With regard to the blood groups and subgroups, our data con- 
firm the high frequency of gene B as compared with Whites. A new 
observation is that all group A and group AB individuals belong to 
subgroup A, and not to subgroup A». The distribution of the M-N 
types in our series of Chinese did not differ significantly from that of 
Whites. In the Rh tests, only two out of 138 individuals were found to 
belong to the Rh-negative type, one to type Rh,, and six to type Rh.. 
Of the remainder, the majority belonged to type Rh, and the balance 
to type Rh,Rh,. The anthropological significance of the findings is 
discussed. 
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A METHOD FOR REPRODUCING AND RECORDING 
CONTOURS 


STELLA M. LECHE 


Bureau of Human Nutrition and Home Economics, Agricultural Research Administration, 
U. S. Department of Agriculture, Washington, D. C. 


| This laboratory has developed a method for the reproduction and 
ecording of contours which is simple and rapid. The technique was 
rorked out in connection with a foot measurement study ! and will be 
sed to reproduce contours of the foot for which, until the present in- 
tance, no simple means of measurement has been devised. It is believed 
nat the method will prove useful in many anthropometric studies since 
; can be used on living as well as on skeletal and cadaverous material. 

In brief, the method consists in laying strips of softened malleable 
ental impression compound ? along the desired contour. After harden- 
ig, which occurs in a few moments, the molds so formed are removed 
nd pencil tracings are made therefrom. 

The impression compound ts prepared and cut into strips as follows. 
‘he plates of the compound are placed in water at 55°C., which is the 
ptimum temperature for softening; the material may be left there in- 
efinitely with no detrimental effects. A few moments after immersion 
ae compound may be picked up and handled without discomfort. It 
; worked with the hands into a flat homogeneous mass roughly ovoid 
1 shape. If the mass seems to be hardening, it may be returned to the 
‘ater bath and will immediately soften. From this point on the process 
ust be done rapidly to accomplish cutting while the compound is still 
pft. 
| The flattened mass is placed on a warm, not hot, glass plate which has 
een moistened with warm water and is there rolled with a metal roller 
) the desired length and thickness. It is eut quickly with a sharp 
salpel, guided with a metal ruler, into strips about 1 cm. wide. For 
ur purpose strips of two lengths, 15 cm. and 30 em., are found useful. 
hickness is maintained at 4 mm. to insure a mold firm enough to allow 
ressure of the pencil in tracing. 
1A study of foot measurement for shoe sizing is now in progress under Miss Ruth O’Brien, 


ead, Division of Textiles and Clothing. 
2The material used in this study is Kerr’s Perfect Impression Compound manufactured by 


e Detroit Mfg. Co., Detroit, Michigan. 
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The glass plate on which the cutting is done must be just comfortabl} 
warm to the touch. If it is too cool, the compound hardens before it ca} 
be cut and if it is too hot the compound tends to liquefy or may sticl 
to the plate. We have found that a glass plate mounted on a box con 
taining a 60-watt electric light bulb 15 em. below the plate keeps th 
glass at a desirable temperature. 

After the strips are cut they are allowed to harden and are laid aside 
They may be kept indefinitely and can be handled without distortio1 
but care must be exercised to prevent breakage through brittleness. 

When contour molds are to be made the strips are placed in a constail 
temperature water bath at 50°C. In a few moments they become sof 
but they retain their sharp edges. They may be kept for hours in th 
water bath if care is taken to prevent their touching each other, sine 
they have a tendency to stick together and thus spoil the edges. 

In this softened state they are lifted from the water bath and places 
along the line to be reproduced. For accuracy in following the lin 
desired, it has been found useful to mark the line on the subject with . 
skin marking pencil. Hardening takes place in a few moments at roor 
temperature. Best results are obtained when the molds are allowe 
to remain in place for.a few moments after hardening to prevent di 
tortion on removal. As the strips are laid in place, they may be et 
with a scissors or a scalpel. This is useful in the case of circular o 
other closed molds, which are made in two or more sections to permi 
removal and is also valuable as a means of indicating the point ti 
which a tracing is to be made. While in place, the hardened molds ca 
be marked with a white pencil to indicate the edge to be traced o 
other landmark. Great care must be exercised in laying the strips i 
direct apposition to the line to be reproduced in order to avoid dis 
tortion of their edges. In removal of the molds distortion must b 
further guarded against since stretching is a frequent source of errol 
The molds are now ready for tracing. | 

Tracings from the same molds have been made at intervals of 5 ani 
10 minutes over a period of 5 hours with no evidence of shrinkag 
or distortion. | 

When the tracings are completed the molds and the scraps fror 
cutting can be replaced in water at 55°C. and rerolled into strips. Th 
material has been used over and over again in this laboratory an 
the limit of its usability has not been reached. 

In foot measurement it may be desirable to record contours wit 
weight on the foot. To accomplish this an impression of the planta 
surface is made in a beeswax impression mixture on which molds ea: 


REPRODUCING AND RECORDING CONTOURS Die 


_ be made as accurately as on the foot itself. The following formula for 
the impression mixture is a modification of one for a facial putty 
reported by Clark (’48) and furnishes a material soft enough to yield 
an impression and firm enough to retain its shape. 


1 part beeswax (in gm.) 


13 parts mineral oil (in ce.) 


+ part resin (in gm.) 


Cornstarch as needed 


The beeswax and mineral oil are heated together until entirely 
liquefied. The resin is added and the mixture stirred over a slow fire 
until the resin is entirely dissolved. It is removed from the fire, some 
/ cornstarch added, and is stirred continuously until cold. The mass is 
then tossed on a board covered with cornstarch and is kneaded until 
- no more cornstarch is taken up. 


_ The mixture may be prevented from sticking by wetting the hands 
and the object to be impressed. It may be used indefinitely. It hardens 
slowly over a period of weeks, but may be softened by reheating until 
melted, with a small addition of mineral oil. A mixture of almost any 
desired softness may be obtained by varying the amount of mineral oil. 
Excellent impressions are being obtained under fine silk gauze, the 
use of which eliminates sticking. 
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PHYLOGENY AND CLASSIFICATION OF HOMINIDS 
AND ANTHROPOIDS ! 


R. RUGGLES GATES 
Marine Biological Laboratory, Woods Hole, Massachusetts 


_ The abundant discoveries of fossil men and anthropoids made in the 
ast 20 years raise in acute form a number of problems regarding the 
relationships, classification, and phylogeny of the numerous fossil Pri- 
nates now available for study and comparison. It was formerly the 
custom, with few exceptions, to regard most of these fossils as ‘‘side 
ines’’ leading to dead ends’ and not in the direct line of descent to 
nodern man. But Verneau (’24) considered that Neanderthal man, 
defore becoming extinct in Europe, had contributed his blood to some 
furopean descendants. He believes that the Negroids of Grimaldi 
show Neanderthal influence and that the Negro race was earlier in 
ts evolutionary development than the yellow or white race. Hrdlicka 
227) regarded Neanderthal man as having been directly transformed 
nto modern man during the Ice Age in Europe. The Piltdown and 
Swanscombe skulls, however, represent modern types of man which 
ire even older than Neanderthal. It now appears that different lines 
»f descent can also be traced in localized geographic areas — a view 
»mphasized by Sir Arthur Keith—and that some at least of these 
ines lead directly to living types of man. The relatively abundant 
naterial now available makes it not only possible but necessary to con- 
sider afresh the principles of evolution and classification involved. 
As a first consideration, we may assume that, unless there is good 
»vidence to the contrary, the biological methods and principles worked 
yut by paleontologists and paleobotanists are equally applicable to 
nan. This is important, because students of fossil man have sometimes 
1eglected these principles, or even assumed that they do not apply to 
nan and his relatives. It is the aim of the present paper to discuss 
some of these problems in relation to recent investigations in this field. 
In his recent monumental work on Sinanthropus, which includes 
4 summation and commentary on previous work, much of it his own, 
Weidenreich (’43) concludes that the present relatively abundant re- 


1For the Festschrift to Dr. Otto Schlaginhaufen, Professor of Anthropology, Ziirich, 
Switzerland, in honor of his sixty-fifth birthday. 
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mains of Sinanthropus, Pithecanthropus, and Neanderthal man prov 
that evolution took a continuous course from these prehominid type 
through Neanderthal to modern man. While this conclusion may na 
be acceptable to all anthropologists, it will appear to many that on thi 
point he hag adopted the most reasonable view of the evidence, bu 
LeGros Clark (’40 b) points out that late Mousterian man apparentl, 
became more specialized and aberrant. From the prehominids t 
Neanderthal man seems an inevitable line of descent, at least so far a 
skull characters are concerned. | 

In recent years there has been an increasing tendency to recognizi 
the probability of intercrossing between Neanderthal or Palaeoam 
thropic man and men of the modern type. The fact that men of palaea 
anthropic type, formerly known only from Hurope (Gibraltar, J ersey 
and Malta to Central Kurope), have since been found as far afield a 
Palestine and Java,— Homo soloensis being, however, according te 
Weidenreich, more primitive than Neanderthal man and nearer t 
Sinanthropus ? — strengthens this series as a line of evolutionary d 
scent. | 

It is true that McCown and Keith (’39) interpret the remarkabl 
range of variation they found in the Mount Carmel skeletons as indi 
eating a people ‘‘in the throes of evolutionary change,’’ i.e., tha 
they represent a population showing wide variation and incipien| 
species formation by differentiation. But the Tabin type of Moun 
Carmel resembled Neanderthal man, and the Schil type the Cro-Magno1 
sort of recent man. If the type of skull found in modern man was al 
ready contemporaneous with or even older than that of Neanderthal 
as one must conclude from the evidence of Swanscombe, Galley Hil 
and Piltdown man in England, then it seems more reasonable to dra 
the conclusion that the Mount Carmel skeletons represent a hybri 
population in which crossing had taken place between the Palaeoan. 
thropic and Neanthropie species of man. 

Various writers (e. ¢., LeGros Clark, ’37, ’40) and Zuckerman (740 
have pointed out that the genera Sinanthropus and Pithecanthropus 
are so nearly related that they should be merged into one genus. Sine 
Pithecanthropus erectus was discovered many years ago by Dubois. 
Sinanthropus pekinensis now becomes Pithecanthropus pekinensis 
according to the laws of biological nomenclature. We thus have clearly 
emerging three successive evolutionary grades, and from a biologica. 
point of view it is equally obvious that these must be classified as 
three genera. The oldest at the beginning of the Pleistocene is Pithe 


*In fact, H. soloensis appears to be essentially an enlarged Pithecanthropus form. 
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anthropus with two known species, one in Java and one in North 
‘hina; the next is Palaeoanthropus or Neanderthal man, of Palaeo- 
thic age, sometimes named (inadequately) Homo primigenius. He 
rill be considered again below. The third is modern man, of the genus 
Tomo proper. 

- Weidenreich regards Peking man and the ape-man of Java as merely 
ifferent races of one species. Although they are more or less contem- 
oraneous, their exact contemporaneity cannot at present be estab- 
‘shed. Sinanthropus made and used implements of Chelleo-Acheulian 
ype, and according to Brodrick (’42) the cave deposits in which he 
3 found probably correspond geologically with the Giinz-Mindel or first 
aterglacial period in Europe. He probably migrated from Southern 
,sia along with the water buffalo. Ostriches survived in North China 
hith Sinanthropus over 300,000 years ago, the previous fauna of 
‘hina having been much like that of Africa today, with numerous 
ntelopes, deer, ostriches, and elephants. From the numerous bones 
‘f mammals accompanying Pithecanthropus erectus, his age is either 
ate Pliocene or early Pleistocene, so the two species cannot differ 
rreatly in age. 

The distinctions between the skulls of P. pekinensis and P. erectus 
vould certainly be regarded as having at least the value of specific dif- 
erences if we were dealing with fossil monkeys and not men. They 
yay be roughly summarized as follows (Koenigswald and Weiden- 
eich, °39): 1. The supraorbital torus in the skull of pekinensis 
s not only larger than that of erectus, but behind it is a continuous 
‘roove or sulcus not present in erectus. Clark (’37) suggested that 
he differences in the supraorbital region may be due to the relative 
evelopment of the air sinuses, but in Peking man with the larger 
orus the air spaces prove to be small or wanting. 2. The frontal 
fegion is markedly higher than that of erectus and without the 
jeculiar median bulge of the latter. 3. In erectus there is a broad 
jastema in the jaw between the upper canines and the lateral in- 
isors —a condition not present in pekinensis. 4. The molars of 
rectus are larger than those of pekinensis, but the lower incisors 
nd lower canines are smaller. The canines also lack the cingulum 
resent in pekinensis. 5. The femur of pekinensis shows platymeria, 
hile those of erectus, if they belong with the skulls, do not. Later, 
Veidenreich (43) finds that the P. erectus cranium has thicker walls 
twice the thickness of cranial bones in modern man), and a smaller 
ranial capacity (870 cc., as against 1075 ce. in pekinensis). They 
Jso show neither Inca bones nor exostoses. Sinanthropus is thus more 
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primitive than P. erectus in some features, but more advanced i: 
others. Skull IV from the Java site may not belong to Pithecanthropu 
as it has a sagittal crest and a larger maxilla which may relate it t: 
Gigantopithecus. 
Pithecanthropus erectus and P. pekinensis agree in having a toru. 
occipitalis in extreme form, and Weidenreich (’40) shows the variou 
stages of its reduction in later men. At the Neanderthal level it ha 
undergone tripartition. In the Steinheim and Swanscombe skull 
there is a tendency for it to merge into the occipital plane, but th: 
median portion continues to exist. He points out that the Tasmania; 
skull has a primitive prehominid torus occipitalis, although otherwis| 
of modern type, while in Ngandong skull VI (Palaeoanthropus soloeni 
sis) the sulcus supratoralis has disappeared and is partly replace 
by a fossa, as in later men. The unequal rate of loss of different pri 
itive skull characters is also well shown by the Steinheim skull, whic 
has the torus occipitalis region reduced as in modern man, but th 
supraorbital torus heavy as in the prehominids and Neandertha 
man. It therefore appears that these were separately inherited. | 
In their classic account of the Mount Carmel population, MeCow 
and Keith (’39) point out the need for a revision of the nomenclatur 
of Neanderthal man and adopt for him the generic name Palaeoan 
thropus of Bonarelli. They thus recognize: 
1. Palaeoanthropus heidelbergensis, the primitive heavy jaw will 
modern teeth. 
2. P. ehringsdorfensis, the Ehringsdorf skull. 
3. P. neanderthalensis, the skulls of Diisseldorf and La Chapelld 
aux Saints. 
4. P. krapinensis from Krapina (Croatia). | 
5. P. palestinensis, the twelve Mount Carmel and Galilee skeletons 


To these species may be added, as probably falling within the genng 
in the wider sense: | 


6. P. rhodesiensis, the Rhodesian skull, and | 

7. P. soluensis from Java, sometimes called J avanthropus. | 

Africanthropus njarasensis, though fragmentary, is regarded by 
Weinert as belonging with Pithecanthropus and Sinanthropus, but 
Weidenreich places it with the Rhodesian and Florisbad skulls. Forms 
at present little known, such as Meganthropus palaeojavanicus ane 
Gigantopithecus may have their status altered as they become bette 
known. The name Homo modjokertensis has been used for another 
Java skull which is now clearly recognized as a baby of Pithecanthropus 
erectus. That different names should be attached to different stages of 
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development of a species or even to different bones of an individual 
until they are known to belong together is not surprising. In paleo- 
botany, one species of Pteridosperm, Lyginopteris oldhamia, had seven 
generic and seven specific names attached to its various parts, — roots, 
stems, leaves, etc., — until they were finally found, through attachments, 
to belong to the same species. 

The occurrence of local evolution, or lines of descent of human 
types within one continent, is a principle which hag been clearly rec- 
ognized by Keith (’31) and the evidence for it is constantly accumulat- 
ing. Thus Pithecanthropus erectus — P. soloensis > Homo wadjaken- 
sis > Talgai skull— modern Australian aborigines, appears to be a 
line of evolution beginning in Java and ending with the Australian 
type of modern man, in harmony with the view that the Australoid 
type developed in Southern Asia and is still represented by various 
jungle tribes in India and the Veddas in Ceylon. Similarly, in South 
Africa, from the work of Dart (’40) and others, we have the probable 
series, or lineage — Rhodesian man — Florisbad > Boskop — Strand- 
looper > modern Bushmen. Weidenreich is evidently in agreement 
with this point of view when he says that the conception of one centre 
of human evolution is incorrect. He has elsewhere (’39 a) concluded 
that regional or racial differentiation is as old as human evolution 
itself. 

In China, Weidenreich (’43) finds as many as twelve features in 
the crania, teeth, and limb bones of Sinanthropus which occur with 
relatively high frequency in Mongoloids. While he seems to have 
rather exaggerated these similiarities, they include such points as a 
mid-sagittal crest, the Inca bone, features of the nasal bridge, cheek 
region and zygoma, shovel-shaped upper lateral incisors, exostoses of 
the maxilla, mandible and ear, high platymerism of the femur and 
a straight deltoid tuberosity of the humerus. Elsewhere (’39b) he 
cites (1) the torus mandibularis, (2) shovel-shaped central and lateral 
upper incisors, (3) the os epactale (Inca bone) and (4) a very pro- 
nounced sagittal crest, as Mongoloid characters found in 70-100% 
of Sinanthropus. It appears, at any rate, that certain morphological 
features of the skeleton of Sinanthropus have been transmitted with 
higher frequency to the modern Mongoloids of Eastern Asia and the 
American Indians. Some of them at least may be determined by single 
genes. 

Weidenreich (’43) makes the surprisingly naive suggestion that if 
Sinanthropus > Palaeoanthropus > Homo is a continuous evolutionary 
line of descent, therefore all forms involved must belong to one species. 
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He says (p. 256), ‘‘The hominids have formed — and still form — one 
family or, in a strictly taxonomic sense, one* species,’’? and again 
(p. 259), ‘‘The hominids represent always but one species.’’ This 
dogma of one human species stems from Linnaeus in the eighteenth 
century, but it can not be taken seriously in the light of modern knowl- 
edge. In every group of organisms except man, the treatment ac- 
corded by Linnaeus has been more or less profoundly modified. 
Weidenreich should consult the palaeontologists for enlightenment on 
this subject. A little thought will make it clear that every living 
species must have been derived by continuous breeding} from a dif- 
ferent ancestral one; and as we know now, especially in plants, crosses 
between two species may also be involved in producing a third. It is 
possible that even certain new phyla of plants may have been initiated 
in this way. The evidence of the important part played by crossing 
in the long line of ancestry of man is no longer negligible. It appears 
to me that throughout human evolution isolation in some areas and 
crossing in others have both played their part. The upper cave at 
Choukoutien contained skulls of a ‘‘family’’ (culturally Upper Palaeo- 
lithic), one regarded as pre-Mongoloid, one Eskimoid, and one Melane- 
soid. This would be a wide range of types to meet together even under 
modern globe-trotting conditions. To call them generalized types only 
partly solves the difficulty. 

Although much has been written recently on speciation and taxon- 
omy, Bather’s (’27) treatment of the subject from a paleontological 
point of view deals fundamentally with the problems in a way that 
has not been surpassed. It is contained in his presidential address 
to the Geological Society of London, but is less known than its ernu- 
dition deserves. His unrivalled knowledge of fossil echinoderms forms 
an ample basis for conclusions. Using the old analogy of a tree and 
its branches, he points out that the twigs on different branches will be- 
long to different genera, while the twigs on one branch will be species 
of the same genus. In tracing back a single line of descent, ‘‘To delimit 
the species a horizontal line must be drawn across the lineage at a level 
arbitrarily fixed,’’ but in practice these lines are generally determined 
for us by gaps in the series of strata. 

As a lineage is traced back, it joins other lineages. How many of 
these are to be brought into the genus? This depends on the number 
of final twigs (species) enclosed between vertical divisions (branches) 
or on the level at which the horizontal line is drawn. ‘‘Every species 
(in fossil Echinoderms) had an ancestor and every species 


3 His italics, 
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aight have had a descendant.’’ Bather complains (justly) of the ten- 
ency to found a new genus wherever there is a slight discontinuity 
a the series of forms, thus making almost as many genera as species 
nd so defeating the object of classification, which is to show rela- 
ionships as well as differences. 

Another pregnant statement, the truth of which is still insufficiently 
ecognized by taxonomists and describers of fossil species, is that ‘‘ Most 
ossil genera represent grades of organization rather than lines of 
escent.’’ In parallel evolution, many species will thus have given 
ise to a new species belonging in a different genus. Bather recognized 
he frequent development of parallel lineages and cites, among many 
xamples, Abel’s treatment of the Cervidae.. Abel traced distinct lines 
f descent through four successive genera (grades) in Miocene and 
*liocene times. Bather also showed that a cross-section of a lineage 
eveals different rates of evolutionary acceleration or retardation of 
arious characters. He recognized that lineages may interbreed, form- 
1g a plexus; and he drew the conclusion with which all will not agree, 
nat gradual (quantitative) characters are not the same in behavior 
s the Mendelian factors which differentiate elementary species or 
srdanons. He further maintains that ‘‘The whole of our system... 
s riddled through and through with polyphyly and convergence.’’ These 
eferences to his main conclusions give an inadequate expression of 
je broad philosophical foundation on which they were based. 

As the one who described the first case of parallel mutation in 1912, 
nd afterwards (Gates, ’20) pointed out numerous similar cases in 
nimals and plants, I may be permitted brief reference to this aspect 
f evolution in man. Although Keith recognizes parallelisms in the 
volution of man, probably LeGros Clark has most strongly emphas- 
‘ed this aspect. In various papers (Clark, 734, 736, ’40 b) he has 
ointed out numerous parallel developments, (1) among the Lemurs, 
2) between the Old World and New World monkeys, (3) between 
[ominidae and anthropoid apes in some of their anatomical features. 
le says this ‘‘evidence leads inevitably to the conclusion that evo- 
itionary parallelism has been a much more common phenomenon 
ian is usually recognized, and it must obviously be taken into ac- 
punt in any philosophical study of evolutionary principles.’’ Evolution 
, not ‘‘merely a matter of action and reaction between the physico- 
semical factors of the environment and those of a passive or at least 
neutral and completely plastic organism.’’ This view is not necessarily 
sntrary to the mutation theory, although long parallel series ob- 
iously require a special explanation. The principle can be over-em- 
hasized, as Hooton (’35) has pointed out, but it cannot be overlooked 
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in the consideration of man’s relations with the anthropoids. Moderr 
monographs on various groups of animals and plants appear to show 
it abundantly as an evolutionary factor. One of its implications is 
that the amount of resemblance between two species is not always ar 
accurate measure of their degree of relationship. 
Local evolution (which implies isolation) is recognized by Weiden! 
reich (’43) in the probable line of development from Rhodesian mar; 
to modern South African races, and also in the continuous line from 
Pitheecanthropus erectus through Palaeoanthropus soloensis to fossi. 
and modern Australoid types in Southern Asia and Australia. He alse 
clearly adopts the conception of evolutionary levels when he says (739! 
p. 14), ‘‘The general resemblances between the Australian aborigines 
of today and the Upper Paleolithic European would then be a conse- 
quence of both representing a similar stage of evolution rather thar 
that of an early immigration of the Paleolithic European into the 
Australian continent.’’*+ Having progressed so far, he makes the amaz- 
ing statement (’43, p. 215) that ‘‘Neither space nor time can play any 
réle in the zoological classification of human types.’’ This is appar 
ently an effort to dispose of Hoanthropus and the Swanscombe skull. 
which by no means fit into his scheme. These finds in England, at leas 
as old as Neanderthal man on the Continent, clearly fall into the genu 
Homo and therefore require a broadening of his evolutionary scheme 
They can only be reconciled with it by assuming that human evolutio 
has proceeded at different rates, a primitive type of man surviving 
in Central Europe after the essentially modern type had appeared i 
the West. This is in harmony with well known paleontological princi 
ples, and also with the principle, emphasized by Hooton (’25 a) that 
the change of particular characters in man has proceeded at different 
rates. A striking example of it among the anthropoids is found in the 
Australopithecinae of Dart and Broom. This group of late surviving 
anthropoids had the erect gait and essentially the dentition of the 
Hominidae. | 
The evidence of the Committee ® which investigated the Swanscombe 
parietal and occipital shows that stratigraphically it is one of the 
best authenticated of all human remains, and geologically the evidence 
of the age of the gravels in which they were found is very complete 
The Committee were in complete agreement that there can be no doub 
that the Swanscombe skull is an indigenous fossil of the gravels of 


“The recent finding of an Australoid skull near Melbourne (see Zeuner 744) said to be- 
long to the Riss-Wiirm Interglacial supports the view that the genus Homo evolved inde- 
pendently in Australia and in Western Europe. 


‘J. Roy. Anthrop. Inst., vol. 68, pp. 17-98, 1938. 
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the 100-foot terrace of the Thames. This adds significance to the Gal- 
ey Hill skull, which was also found in the 100-foot terrace of the Thames 
in 1888, and has often been regarded as of doubtful provenance, since 
it has no excessive development of brow-ridges and the chin and teeth 
are not extraordinary. The Swanscombe skull is the first fully authen- 
ticated human bone from a known Acheulian horizon. An interval 
of 8 years separated the finding of the parietal and occipital, but 
they were in the same seam of gravel 24 feet below the surface and 
their sutures fit together perfectly. This zone was full of Acheulian 
implements, and in the layer below they were Clactonian. Swanscombe 
man thus adds to the significance not only of the Galley Hill skull but 
also of Piltdown, the stratigraphic age of which appears to be equally 
well established. 

Keith (’39), in a restudy of the Piltdown skull, has made various 
comparisons with the Swanscombe specimen. In both, the skull bones 
are very thick, in Piltdown 9-11 mm., Swanscombe 4.6-7 mm. The latter 
is more like modern man and the former shows greater asymmetry of 
brain than in any modern race. While Weidenreich discards the Pilt- 
down jaw as that of an orang (not a chimpanzee), Keith after a most 
exhaustive analysis is more firmly convinced than before that the 
skull and jaw belong to the same head. The measurements found are 


as follows: 
ORANIAL 


LENGTH BREADTH Cre HEIGHT CAPACITY 
Swanscombe ......... 185 mm. 144 mm. 77.8 110 mm. ca. 1350 ee. 
ET IGAO WII Selereisstee are6 194 mm. 150 mm. 77.3 110 mm. ea. 1358 ec. 


He also points out that the London skull, found in deep excavations, 
and the Bury St. Edmunds cranial fragment probably belong to the 
same period and race as the Swanscombe skull, all being from Southern 
England. Taken together, their significance can hardly be shaken by 
discarding the paleontological principles associated with time and space. 
They are found at the opposite extreme of Eurasia from Peking man 
and might therefore be expected to show the maximum amount of dif- 
ference, since space and time are factors which have to be taken into 
account. 

That the chronological principle is violated in human evolution 
is admitted by Weidenreich himself, who cites the Steinheim skull 
as belonging to the interglacial Riss I / Riss IJ, much older than the 
classic Neanderthal type, yet morphologically much more modern as 
regards the temporal, occipital, and other features. 

Having concluded that the three main stages of human evolution 
should be regarded, on paleontological principles, as three distinct 
genera or grades, each containing two or more species, and having 
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traced certain lineages through long periods in South Africa and S. 
Asia, how shall we deal with modern man? If we are to be consistent 
there is only one conclusion. 

Some years ago (Gates, ’26) I wrote, ‘‘If these colour-types (of 
mankind) could be viewed from a quite impersonal biological point of 
view, it is probable that they would be recognized as differing in ways 
that are analogous to the differences between many animal species.”’ 
Later (Gates, ’37), I said, ‘‘We very much need a considered classi- 
fication of human races, living and extinct, based upon criteria similar 
to those which have been applied to the classification of mammals, and 
especially the Primates, into genera, species, subspecies, geographic 
races and varieties.’’ The last three categories may be taken as equi- 
valent. 

After pointing out that students of the geographic distribution of 
mammals such as mice do not find the subspecies homogeneous through- 
out their range, I said, ‘‘It appears to me that we are justified in 
regarding mongoloid, australoid, caucasoid, and negroid types of man 
as representing separate species, each with various geographical 
races more or less clearly defined. . . . The justification for this 
view will depend upon how long these four specific types have been 
evolving in separate geographic areas more or less isolated from each 
other.’’ I would now add the Bushmen as a fifth species of Homo who, 
all are agreed, are descended from an isolated line of evolution which 
probably goes back to Rhodesian man. The isolation was not always 
complete. At an early period, Mongoloid characters came in from some 
extra-African source. Smaller accretions of blood from other sources 
may also have been incorporated at intervals, but not enough to disturb 
seriously a line of descent in relative isolation on the African con- 
tinent, ending in the Bushmen and probably also in the Ituri pygmies 
of Central African forests. The Hottentots have obviously shared in 
part the same descent but they are taller, more dolichocephalic and 
more negroid, which can be accounted for by crossing with the Bantu or 
other negro stock. The pockets of Negritos stretched across Central 
Africa and Southern Asia as far as the Philippines appear to be rem- 
nants of an early stock. 

Weare thus lead to recognize *: 

1. Homo australicus, the most primitive surviving species of man 
with an ancestry stretching back to Pithecanthropus. 


‘von Hickstedt (’37) and Peters (’37) have assembled at length the various systems of 
nomenclature which have been applied to modern man, 
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2. H. capensis, the Bushman type, with long evolution in relative 
isolation in S. Africa. 

3. H. africanus, the Negroid type, already being differentiated in 
the Pleistocene, as shown by the Grimaldi skeleton. 

4. H. mongoloideus, the Mongoloid type, some of whose anatomical 
peculiarities were already present in Sinanthropus, although his spe- 
cific characters have developed since. 

5. H. caucasicus, the white type, represented by the subspecies (a) 
the Mediterranean race, oldest in age and most southerly in dis- 
tribution, (b) the Nordic race, derived from it mainly through loss of 
pigmentation, (c) the Alpine race, embodying the brachycephalic mu- 
tation and other features. 

Other subraces, such as the Dinaric and East Baltic, evidently in- 
volve crossing, as suggested by Hooton (’31) and others. The whole 
matter of crossing in relation to race is much too extensive to be en- 
tered into here. I hope to deal with it elsewhere. Hooton (’25b) has 
given good reason for believing that the Cro-Magnon type, the first 
modern man recognized on the European continent, is really the pro- 
duct of a cross between a dolichocephalic stock of the Galley Hill-Swans- 
combe type and a brachycephalic strain (Ofnet). This would account for 
the combination of long narrow head with broad face found in Cro- 
Magnon —a type which he shows can also arise from crosses among 
modern families. 

Dart (’40) similarly postulates that the Bantu type in Africa arose 
from Bushman xX Negro, with infiltration at intervals of Caucasian 
blood from the Nile valley. He regards the Bushman as a pygmaeo- 
paedomorphic and the Boskop skeletons as the corresponding giganto- 
paedomorphic type. Half the modern Bushmen show Boskop stigmata. 
The Ituri Pygmies are regarded as differing from the Bushmen only 
in having more Bush and less Boskop ancestry (and probably also more 
recent Negro blood). Many other instances of racial crossing to pro- 
duce new types (secondary races) might be adduced. Modern European 
populations are so intermingled through processes which have been 
going on throughout history and prehistory that any geographic 
boundaries between Nordic, Alpine and Mediterranean have largely 
ceased to exist. No one expects to find a relatively pure race except 
in local pockets, still relatively undisturbed. Notwithstanding this 
mingling of types in modern populations, it is clear that when popula- 
tions were sparse and methods of communication non-existent a much 
greater isolation and relative purity of type was often preserved over 
long periods. Then new contacts might modify more or less markedly 


290 R. RUGGLES GATES 


both races taking part in it, according to the relative frequency of the 
two ingredients. 

This greater isolation is shown by the gorillas, and as a result of it 
Schultz (’34) gives good reasons for regarding the mountain and low- 
land gorillas of West Africa as separate species. He lists 25 differ- 
ences, including longer trunk, longer palate, shorter arms, relatively 
shorter and broader hands, and shorter toes with more extensive webs. 
Probably in his prehominid stage of evolution, man was little if any 
more migratory than the gorilla, with the result that geographic iso- 
lation of types was almost equally marked. 


SUMMARY 


1. In a discussion of the paleontological and biological principles 
involved in the evolution of hominids and anthropoids, it is pointed out 
that a self-consistent system of classification and nomenclature must 
emerge from the study of the numerous fossil forms of various ages 
now known from many parts of the world. 

2. According to paleontological principles, the three levels of human 
evolution represented by (a) the prehominids, (b) palaeoanthropic 
man, (c) neanthropic man, fall into three distinct genera — Pithecan- 
thropus, Palaeoanthropus, and Homo. In accordance with Weidenreich, 
this represents a continuous line of evolution from Pithecanthropus 
and Sinanthropus through Neanderthal to the modern type of man. 

3. As evolutionary factors in man and anthropoids have to be con- 
sidered not only the fundamental types of change which presumably 
depend upon larger and smaller mutations, but also parallel muta- 
tions, longer parallel lineages, and crossing between lineages. 

4. The importance of local evolution is shown in such lineages as 
(a) that from Pithecanthropus to the modern Australoid type in South- 
ern Asia and Australia, (b) that from Rhodesian man to the modern 
Bushmen in South Africa. 

5. The differences between Pithecanthropus erectus in Java and 
Pithecanthropus pekinensis in China are such as would lead to their 
recognition as separate species if they belonged to other groups of 
mammals. There is no certainty that they are even contemporaneous. 

6. That it is impossible to ignore time and space in the evolution 
of hominid types, is shown not only by Piltdown, Swanscombe and other 
types of relatively modern man in ancient strata. The different rates 
at which particular primitive skull characters are lost is well shown 
by such skulls as that of Steinheim and the modern Tasmanian. It 
is also shown in comparisons of Pithecanthropus and Sinanthropus. 
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7. There is considerable evidence that single teeth and single bones 


f the skull such as the Inca bone, are controlled by single genes and 
etermined as units. 


8. Isolation and crossing have both played their part throughout 
uman evolution, at different times and in different areas. The Mount 
‘armel population appear to be hybrids between Neanderthal and a 
iodern type perhaps descended from the time of Swanscombe man. 
ro-Magnon man himself appears to be a hybrid combination. 

9. The living ‘‘races’’ of man are not contemporaneous divergents 
rom a common stock, but are of different ages, the Australoids being 
he oldest, then the Bushmen, followed probably by Negroids, Mongo- 
yids and Caucasoids in that order. 

| 10. Any consistent scheme of classification on a sound paleontolo- 
ical and biological basis should recognize these five so-called primary 
aces of man as species. 
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PHYSICAL ANTHROPOLOGY IN THE ARMY AIR FORCES? 


ALBERT DAMON AND FRANCIS E. RANDALL 


Aero Medical Laboratory, Engineering Division, Material Command, 
Wright Field, Dayton, Ohio 


THREE FIGURES 


I. INTRODUCTION 


The military utility of physical anthropology has long been recog- 
nized; longer, indeed, than the study of man has existed as a formal 
science. Armies and navies have always been concerned with the 
physique of their men, from several standpoints — among them medi- 
cine (in relation to health and stamina), logistics (design of equipment, 
size and nature of rations, speed of march), administration (classifica- 
tion and identification), and even esthetics (as in the selection of 
companies by stature for parade drill, and in the many historic Guards 
regiments of extremely tall men). Measurement of dimensions deemed 
important has devolved upon the military surgeon and has become an 
established part of routine medical examinations. Data from such 
examinations have been useful to the soldier in establishing physical 
standards for recruits and to the anthropologist in constituting a 
valuable source of information on the population of a country at a 
given time. 

In the United States, Davenport and Love’s (’21) monumental Army 
Anthropology sketches the brief history of military anthropology in 
this country, indicates possible applications of anthropology to war- 
fare, and presents a wealth of data of great scientific and military value. 
It is pointed out that the study of man in the mass, military as well as 
civilian, is properly the function of the specially trained anthropologist. 
‘One of the lessons taught by the experience of raising an Army in 
1917-1918 is that, at the outset, there should be appointed among the 
officers of the Medical Department, a broadly trained anthropologist to 
whom should be assigned the following tasks: (1) collaboration in... 
schedules of physical examinations ; (2) measurements and observations 
on recruits; (3) identification data; (4)... racial classification.”’ 
(p. 48). The authors might have added possibly the most important task 


1 The work described in this paper is a joint project of Captain Randall, Lieutenant Damon, 
Lieutenant Robert S. Benton, and Dr. Alice M. Brues. 
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of all, as found by current experience in the Army Air Forces: (5) the | 
translation of anthropometric data into practical, military terms, a_ 


task which may at times require the anthropologist to become an 
engineer or designer himself. 


Army Anthropology appeared too late for practical application in | 


the First World War. Since that time, its data have been used to 


establish physical standards for recruits, but inasmuch as the population — 


has changed considerably during the intervening 25 years, its applica- 
bility for this or other purposes to soldiers in the present War is 


limited. An Army-wide anthropological survey in the Second World. 
War is thus highly desirable scientifically and practically ; to understand | 


our present military population and to devise and procure equipment 
for the soldiers who are to use it. 

The present paper will describe briefly and in general terms the 
current anthropological program of the United States Army Air Forces, 
conducted at the Aero Medical Laboratory, AAF Materiel Command, 
Wright Field, Dayton, Ohio; under the direction of Colonel Otis O. 


Benson, Jr., through April 1943 and of Lieutenant Colonel W. Randolph 


Lovelace, II, from that time to the present (May, ’44). Certain aspects 


of anthropological interest may be discussed in more detail in the future. _ 


Inasmuch as the population involved is highly selected and the problems 
special, the data are hardly applicable to the Army as a whole; indeed, 
the whole Army Air Forces project can best be regarded as a com- 
ponent part of an Army-wide study (of which a similar project by the 
Armored Command, Army Ground Forces, is another). However, as 


the pioneer effort in this War, and possibly the most intensive applica- | 


tion of physical anthropology to military needs that has yet been made, © 
the experience and general conclusions reached thus far may be of | 
value not only for further military problems, but for the broader field 


of Human Engineering, a branch of physical anthropology as yet 
relatively undeveloped — despite sporadic anthropometric hat- and seat- 
sizing — but of great potential importance. War is a notorious accel- 


erator of the practical trends in a science; and it is entirely possible | 
that the physical anthropologist of the future may have a direct in- | 
fluence on the daily lives of us all, as he has at present on the ocenpations | 


and equipment of thousands in the armed forces. 


The main point to bear in mind in evaluating the following discus- | 


sion is that the work is intensely practical. Military necessity has 
dictated the existence of the project itself, the selection of subjects and 
measurements, and the treatment and applications of the data. A host 
of fascinating anthropological vistas have been glimpsed — the relation 
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f physique to various military abilities and to available medical, 
»sychological, and sociological data; racial and regional comparisons 
mong these young men, outstanding representatives of their respective 
rroups; comparisons with other large groups of young men, in colleges, 
n the last War, or in our current armed forces — but all have been 
sschewed for the present. It is hoped that this rich harvest will one 
lay be gleaned. 


II. DEVELOPMENT OF THE PROJECT 
A. Historical 


_ The need for exact knowledge of human variations and dimensions 
's even greater in aviation than in the older military and naval arms, 
yecause of the paramount importance of space. Flyers must be fitted 
nto spaces which are initially kept to a structural minimum by aircraft 
lesigners, and are thereafter subject to continual encroachment for 
actical purposes; while the extremes of temperature and pressure 
neountered make the fit of personal equipment (such as oxygen masks 
ind flying clothing) a matter of survival itself. The Army Air Forces, 
vith a highly selected population of flyers, has had no body of data 
comparable to that available in Army Anthropology to the Army 
jround and Service Forces. As a result, it became evident during the 
rreat expansion of the Army Air Forces beginning in 1940, that short- 
ges in some sizes of flying clothing and surpluses in others were 
yecurring; certain escape hatches were too small for safety; and, most 
serious of all, gun-turrets were imposing a severe limitation on the size 
— and, consequently, on the number — of gunners able to operate them. 

In the summer of 1940, Colonel (then Captain) Otis O. Benson, Jr., 
. Flight Surgeon in the Regular Army, was assigned to the Harvard 
“atigue Laboratory for intensive research on the physiological 
problems of high altitude flying. Aware of the increasing importance 
of human sizing problems in aviation medicine and engineering, Colonel 
3enson realized, in discussions with Dr. Earnest A. Hooton, Professor 
of Anthropology at Harvard, that physical anthropology had the tech- 
riques of measurement and analysis appropriate to such problems. A 
entative anthropometric project was agreed on. As Chief of the Aero 
Medical Laboratory (then the Aero Medical Research Unit) of the Army 
Air Forces, Colonel Benson was strategically situated at Wright Field, 
the center of experimental and developmental work in AAF aircraft 
and associated equipment, and hence could coordinate anthropological 
-esearch at all stages with the Aircraft, Armament, and Equipment 
jaboratories. Thus, these Laboratories could pose the problems: How 
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much clearance does the average (or the extreme) pilot or gunner ne: 
above his head or across his shoulders? Where should a range pedal 
a ball turret be located? How many sizes of oxygen masks, clothin 
or parachute harnesses are necessary, and what proportion of eas 
size should be produced? Then the Aero Medical Laboratory cou 
select technics and subjects to answer such questions, and could tran 
late its anthropometric data into the appropriate engineering term 
At the same time, the close association of the Aero Medical Laborato1 
with the Office of the Air Surgeon, at AAF Headquarters in Washin 
ton, would facilitate the use of anthropology in the selection of pe 
sonnel. 

Turrets constituted the major problem at the time, as already me 
tioned. Accordingly, in February 1941, Colonel Benson invited 
Hooton to Wright Field to inspect American and British turret mod 
and to draw up a list of body measurements important in turret desig 
Dr. Hooton’s findings emphasized the advisability of a general survéd 
of AAF flyers, both cadets and gunners, to determine what donee 
of flyers could use existing equipment; what size criteria would 
desirable in their selection; and how existing equipment might be mo 
fied and future materiel designed to accommodate the largest possib 
number of flyers. 


Preliminary plans for the survey were under way when the Unit 
States entered the war in December 1941. After a brief period of u 
certainty, it was decided by higher military authority that if the surv 
would have been useful in peacetime, it was even more necessary in wa 
Permission was granted by the Air Surgeon, and the survey proceed 
at an accelerated pace. 


B. Basic body size survey 


1. Selection of measurements. The more problems to which an a 
thropometric survey could be applied, the greater its value. And sin } 
there were in fact a variety of problems involving human dimension 
it was decided to include general measurements and observations 4 
well as those required for the turret study. The alternatives would t 
to make a separate survey as each type of problem occurred, or to tak 
at one time as many measurements as might conceivably be useful fo 
any problems. Neither of these alternative procedures was feasible i 
view of the urgent time element, the desirability of large numbers c 
subjects, the impossibility of foreseeing all the anthropological problem 
which might arise in the future (and some bizarre ones have arisen! 
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and the desire to interfere as little as possible with the subjects’ training 
schedules. The decision to include general traits was sound scientifically 
is well as practically, since the basic measurements taken have been 
‘ound to afford reasonable prediction of those subsequently required. 
Jecasionally no good correlations can be found, and special measure- 
nents (such as height of calf muscle above ground, for foot-gear; or 
ieight above seat of the inferior angle of the scapula, for placing straps 
n canvas troop-seat backs) must be taken on a small sample selected 
‘0 represent the larger series in age, height, and weight. 

The Anthropological Survey Blank (figs. 1 and 2), thus contains 
neasurements dictated by turret problems plus others chosen for gen- 
eral utility. The Blank was drawn up by Lieutenant Colonel (then Cap- 
sain) A. P. Gagge, representing the Aero Medical Laboratory; and Drs. 
Jooton and Carl C. Seltzer.of Harvard University. The indices and the 
lata on the obverse of the Blank represent a combination of scientific 
nterest, military utility, and an attempt to afford a physical basis for 
lifferential training of personnel. Thus, the sociological background 
lata, so easy to obtain while the subject is waiting his turn, and so 
valuable in anthropological research, might be used as a check on the 
-epresentativeness of the sample. Applicability of Air Forces data to 
sther branches of the Armed Forces would be limited if significant 
-acial, regional, or occupational differences appeared. Pigmentation 
and the rough index of skin sensitivity afforded by the ‘‘vascularity”’ 
vest (estimation of reaction to a standardization scratch on the chest) 
aave already found application in estimating susceptibility to sunburn 
ind the need for goggle protection — both requests received by Dr. 
Tooton from the Office of the Quartermaster General. The indices have 
10t been used so far, but somatotypes have and the latter deserve addi- 
ional comment. 
| As anthropologists are becoming increasingly aware, the constitu- 
‘ional analysis of Dr. W. H. Sheldon (740, 742) affords an excellent 
‘neans of studying the correlation of physique with medical, psycho- 
ogical, and sociological phenomena. Concise, quantitative, and based 
yn objective anthropometry, ‘‘somatotype”’ (body build, in terms of 
three primary components) ; ‘‘dysplasia”’ (disharmony between sepa- 
ate regions of the body, in regard to proportions of the three primary 
somponents); and ‘‘gynandromorphy”’ (degree of femininity in the 
nale physique) have valuable potentialities for the classification and 
Jifferential selection of personnel. Some of these are being explored 
and will be mentioned in Section III-A, below. 
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In compiling the data sheet, time required for completion was 
major consideration. Only after assurance that a trained observer co1 
fill one in 12 minutes was it approved. 

2. Organization of survey. Once the data sheet had been drawn 7 
the survey was organized into observation and analysis, to procé 
concurrently. Two teams of two observers each took the measureme: 
and mailed them back to Harvard at the end of each day; each obser 
in a separate envelope, to minimize the effect of a possible loss in tram 
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Fig. 1 Basie body size survey blank. 


— actually, none occurred. At the Peabody Museum, the data we 
coded and punched on International Business Machine cards as receive 
awaiting completion of the series. Trends could thus be observed, a 
incipient deviations in technique or interpretation arrested. For urge 
problems, a tabulation of the most important dimensions for turre 
was prepared for the first thousand subjects and sent to Wright Fie 
before the series was completed. 

a. Participants. In addition to Colonel Benson and Lieutenant Color 
Gagge of the Aero Medical Laboratory; Dr. Hooton, Consultant, a: 
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Dr. Seltzer, Assistant Consultant, of Harvard University; the observers 
were Albert Damon, Francis E. Randall, Judson T. Shaplin, and Ivar 
Skarland; and the statistical analysts were Dr. Alice M. Brues and 
Mrs. Agnes W. Gebhard. The measurements for the body size survey 
were taken during March and April 1942. Mr. Shaplin left the project 
in May; and in July, 2 months after the three remaining observers had 
returned to the Aero Medical Laboratory from the field, Mr. Skarland 
left. The authors have remained with the project as commissioned 
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Fig. 2 Basie body size survey blank (reverse). 


officers. Subsequent additions to the project include Dr. Brues and 
Lieutenant Robert S. Benton, anthropologists; Sergeant Robert C. 
Koepnick and Miss Alice King, sculptors and technicians; and Pfe. 
James H. Thomas, plastics expert. 

b. Training of observers. All four observers were students of Dr. 
Hooton and trained in Dr. Sheldon’s system of analyzing body build. 
In addition to this initial similarity of training, 3 weeks were spent 
exclusively in standardizing techniques, so that when the observers 
entered the field, their procedures were thoroughly comparable. 
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ce. Selection of subjects. In 1941 and 1942, there were three AAF™ 


stations through which all aviation cadets were sent after passing the 
physical examination for flying. These were Maxwell Field, Mont- 


gomery, Alabama; Kelly Field, San Antonio, Texas; and Santa Ana_ 


Air Base, Santa Ana, California. Aerial gunners were being trained 
at the Harlingen Army Gunnery School, Harlingen; Texas; Tyndall 


Field, Panama City, Florida; and Las Vegas Army Gunnery School, 
Las Vegas, Nevada. One team of two observers was sent to Maxwell 


and Tyndall Fields, and another to Kelly and Harlingen. Unfortunately, 


there were not enough observers to include the Western fields, Santa’ 


Ana and Las Vegas, of which the former especially draws men froin 
the Pacific Coast. This omission (only about 2% of the entire survey 
are from the Pacific States) diminishes the representativeness of the 
sample and might change the observed distribution of traits significantly 
for the anthropologist, but probably not for the aviation engineer. 

d. Number of subjects. At Kelly and Maxwell Fields, 2954 Aviation 
Cadets were measured; and at Tyndall and Harlingen, 584 gunners, 
the entire gunner population of these schools at the time. Detailed 
figures for this and the other major surveys to be described are pre- 
sented in table 1. 


C. Subsequent body size surveys 


The general body size survey has always constituted the backbone 
of the project, but supplementary surveys have become necessary as 
new problems have involved special measurements or populations. For 
example: 

1. Special problems — manikins, somatotypes, combat equipment. 
(a) In the construction of the manikins described in Section III-A, 
below, additional measurements were necessary, since those taken in the 
basic survey could not suffice for a three-dimensional, full-scale model 
of a flyer. The required measurements (such as ankle and crotch height, 
arm and leg circumferences, ete.) were accordingly taken on a small, 
selected sample of Aero Medical Laboratory personnel. (b) In connec- 
tion with studies on the relation of physique to susceptibility to high- 
altitude ‘‘bends’’, 152 photographic reconnaissance pilots; 40-odd Uni- 


versity of Cincinnati Medical School students; and 29 Aero Medical 


Laboratory subjects have been somatotyped. (c) Special combat equip- 
ment designed for pursuit pilots involves several special body cireum- 
ferences. These have been taken, together with the routine stature and 
weight, on 164 pursuit pilots. 
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2. Clothing measurements on specialized aircrew. Experience in the 
clothing sizing program to be described in Section III-D, below, demon- 
strated a conclusive need for specific tailors’ measurements (such as 
sleeve outseam, waist and seat circumferences, and leg inseam), taken 
according to standard trade practice. Trade formulas for predicting 
these dimensions from height, weight, and chest circumference were 

checked, and when modified as required to fit the AAFseries, gave work- 
able but still not entirely satisfactory results. The need for a separate 


TABLE 1 
Major surveys of the Army Air Forces anthropological projects 


Body Size Surveys 
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1 Essentially same figures for body size and facial surveys. 


clothing survey was emphasized by the fact that many garments are 
‘issued to specialized groups of airerew—for example, electrically 
heated suits are worn only in bombardment airplanes. Since bombard- 
‘ment officers, bombardment enlisted aircrew (gunners), and pursuit 
‘pilots differ in size, and since the basic survey made no distinction 
among cadets, it was necessary to obtain clothing size schedules for 
each group separately. Accordingly, a detailed array of clothing meas- 
‘urements were taken during March and April 1944 on 315 pursuit 
‘pilots and 983 bombardment aircrew, 419 officers and 564 enlisted men. 
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3. Women flyers —WASPS and flying nurses. The increasing utili 
zation of women in various flying capacities has posed further problem 
of selecting personnel and designing equipment; accordingly, 152 flyin; 
nurses and 447 WASPs (Women’s Army Service Pilots) have beer 
added to the body size surveys. 


D. Facial surveys 


During the original body size survey, a special problem arose in the 
fit of oxygen masks. So urgent was this that application of the body 
size data was postponed until the mask problem was well on its wa; 
toward solution. The transition from a ‘‘free-flow’’ to a ‘‘demand’ 
oxygen system, in which economy is effected by supplying oxygen onk 
on inspiration, meant that the mask had to fit the face as closely a: 
possible. An additional necessity for close fit was imposed by tactica 
requirements of aircraft able to fly at ever higher altitudes, since the 
higher the altitude, the more serious becomes a given leak. 

1. Aviation cadets. To afford a basis for an analysis of mask design 
and sizing, measurements useful for this purpose, as well as genera 
head and face dimensions, were worked out by Drs. Hooton and Seltze 
and Lt. Col. Gagge, and taken on 1454 additional cadets during Apri 
and May, 1942. The blank is reproduced in figure 3. Unfortunately 
head circumference was not originally included, since it had been taker 
in the body size survey, but was soon restored to its proper place ir 
the head and face battery. 

Just as the construction of manikins required supplementary body 
measurements, so the AAF head types (described in Section III-A 
below) required special head and face measurements (called ‘‘orienta 
tion’’ measurements, since they enable the points on the blank to be 
located in three dimensions), which were taken on a series of 19¢ 
(150 AAF flyers and 46 Aero Medical Laboratory personnel). 

2. Negro R.O.T.C. cadets. The inclusion of Negro flyers in the AAF 
complicated the mask problem. Would standard designs and sizes fi 
Negroes? What proportions of the standard sizes would they require’ 
To answer such questions, 132 R.O.T.C. cadets at Wilberforce Uni 
versity, representative of Negro AAF flyers, have been added to the 
facial survey. (It was found that Negroes are fitted by standard sizes 
but require a greater percentage of the large size than do whites. ) 

3. Specialized aircrew. Would older flyers differ from cadets in heac 
and face dimensions? Would pursuit and bomber pilots have essentially 
similar measurements, or would a selective factor operate to alter the 
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proportions of mask sizes which should be issued to these groups? To 
answer these questions, 150 pilots, chiefly of bombers; 196 pursuit 
pilots; and 239 officers and 286 enlisted men of bombardment crews, 
have been measured in the facial survey, as have hundreds of photo- 
graphic reconnaissance and other flyers at Wright Field for high- 
altitude indoctrination. 

4. Women flyers. Similar questions in regard to women flyers led 
to the inclusion of 142 flying nurses and 440 WASP trainees in the facial 
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Fig. 3 Facial survey blank. 


‘urveys, essentially the same individuals measured in the women’s body 
‘ize surveys. 

5. Other surveys, including movements. The several large series 
-bove constitute the basis for most of the current applications of body 
ize to the design and sizing of flying equipment. As already mentioned, 
maller series of twenty to fifty carefully selected individuals of the 
Aero Medical Laboratory are constantly being measured as special 
broblems arise — for example, the amount of decrease in sitting height 
m looking straight up; the average slump from the erect ‘‘sitting 
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height’’ as measured in the survey to the normal relaxed sitting po 
tion; and special hand measurements necessary for glove sizing. 

A elass of data hitherto not very extensively studied, but of 
utmost importance for aviation engineering (or, for that matter, hum 
engineering in general), is the range of movements in various operatio 
and positions of the body. Such studies have been made for the pro 
position and for the head and eye movements involved in sighting f 
turrets. 

Ill APPLICATION OF ANTHROPOMETRIC DATA 
TO MILITARY AVIATION 

The discussion in this section will be in rather general terms, par 
for reasons of military security and partly because the present pa 
is intended to be a summary account of the project as a whole. 
applications are divisible into four main classes, which will be deseri 
in turn. 

A. General applications 


Under this heading come classification and differential selection 
personnel; construction of full-scale head and body models repres 
ing AAF physical types; reports on body size in the AAP, for gene 
use by designers and manufacturers; range of movements in vario 
positions; and special projects not elsewhere covered. 

1. Classification and selection of personnel. The correlation betwe' 
physique and apitudes, outside the present scope of the Wright Fi 
project, has been explored by Major Sheldon (at the AAF School 
Aviation Medicine, Randolph Field, Texas) in regard to flying abil 
with indications that there may be a significant and usable correlati 
If such is conclusively established, an enormous saving in time, m 
and lives might be effected by early elimination of those unlikely 
succeed. At Wright Field, some interesting results have been obtain 
by correlating somatotype with susceptibility to decompression 
ness (‘‘aero-embolism’’, or high-altitude eine *), in which there 
great individual variation. Two series, 152 phetographic reconn 
sance pilots and forty-odd University of Cincinnati medical studen 
have given similar results, and a third series, twenty-nine intensi 
tested Aero Medical Laboratory subjects, is now being studied. Wi 
flight ceilings rising ever higher, a successful classificatory proced 
would be of considerable military importance. Possible further studi 
along these lines include correlations of physique with threshold 
*‘blacking-out’’ from high accelerative forces (‘*g*’), and with sasee 
bility to motion sickness. 
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Selection of gunners for training in turrets and of women for pilot 


* 


4 on the basis of body size alone has been investigated and will 
described in Sections B and C, below. 
2. Head and body modes. Full-seale head and body models repre- 
iting physical types of AAF flyers have proved to be a highly enc- 
ul and widely used means of translating anthropometric tables 
) practical terms, and of thereby presenting the flyer to the designer 
aerongutical equipment as a tangible datum to be integrated with 
her objects that happen to be mechanical. (It is generally true that 
the initial stages of airplane and turret design, al) daimants for the 
ited space have been at hand and impossible to overlook except the 
af, who has, in consequence, been relatively neglected.) Seven busts 
G Biree plastic, jointed manikins have been constructed by a sculptor, 
r. G. W. Borkland of Chicago, working under the close supervision of 
le Wright Field anthropologists. All are exact to the millimeter in 
to WD dimensions. Three manikins representing AAF women pilots 
WASPs) are in preparation. 
Whe seven head types have been described and illustrated elsewhere. 
iefiy, they were designed in connection with oxygen mask sizing, 
jen some indication was needed of averages and extremes in fiyers’ 
ges. The basis for classification is nasion-menton face length, con- 
lered by all mask designers, and shown by actual experiment, to be 
most important single dimension for sizing. The nasion-menton 
age, from 101 to 146 mm., was divided into equal thirds, since the 
ual three sizes of mask, theoretically non-overlapping, should be 
ed on divisions of the range rather than of the population. The 
wage face length of the middle third virtually coincides with that 
tthe whole group. The average of all other head and face dimensions 
flyers with the average face length is type I; types IV and V repre- 
Mt the average of every other head and face dimension for the short 
i the long third, respectively, of face length. At the extremes, trpes 
and VII represent the shortest and longest few millimeters of face 
gth — (roughly, 1% of the group at either end). As for types II 
f II, it bad been observed during the course of the mask study that 
jective estimations of face length, frequently made and used by mask 
igners as a basis for sizing, were unduly infinenced by face shape. 
lat is, a narrow face was much more likely to be considered “‘long’’ 
na broad face, regardless of the actual nasion-menton dimension. To 
rate the error inherent in such judgments, types Il and III both 
the (average) face length of type I; but type II represents the 
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smallest and type III the largest of every other measurement oceurrin 
in faces of this average length (123, 124, and 125 mm.). 

The practical orientation of AAF anthropology is well illustrated b 
the foregoing paragraph. Military requirements dictated the decisio 
to construct head types from the anthropometric data, as well as th 
selection of nasion-menton as the basic dimension; the division of th 
range rather than of the population, and into just three parts; and th 
choice of the seven head types within these divisions. This set of heac 
is but one of many that might be derived from the basic survey. Fe 
example, a set of four, based on head circumference and height, ha 
been constructed to serve as standard test blocks for helmet inspector 
and thus can dispense with counterparts of types II and III. Befo 
this set existed, a steel helmet for aircrew (see section II-D) based 
type V (long third in face length), was adopted as standard and h 
afforded a reasonably good fit for combat aircrew. 

The three plastic, jointed manikins were originally requested 
aircraft engineers for use in plane mock-ups, which are prelimina 
models where exact details of dimension and location are worked 0 
before the design is ‘‘frozen’’ for production. For cockpit clearance. 
sitting height and leg length are the important dimensions, maki 
stature the best single basis for sizing the manikins. The stature rang 
from 156 to 198 em. is divided into equal thirds; type A, with a statu 
of 175.3 em. (69 inches), is the mean of the entire series in all measur 
ments; type B, 166.5 em. (65.5 inches) represents the short third of t 
stature range and the short 17% of the series; type C, 186.3 em. (73 
inches), the tall third of the range and 9% of the population. The sts 
ture distribution of the population is asymmetrical due to the metha 
of selection of Aviation Cadets, who then had officially a lower lim! 
of 64 inches and an upper of 76 inches, despite the presence of a fe 
individuals in the series outside these limits. Since a larger proportic 
of the population was excluded at the lower extreme than at the uppe' 
division of this curtailed range into equal thirds places more subjec: 
in the lower than in the upper third. | 

The manikins are made of cellulose acetate, a light, strong, and tran 
parent plastic. They are sturdy enough to be fitted with flying clothin 
and parachutes and can assume many positions such as standing, sittin: 
or kneeling in the bombardier’s position. Within the limitations in 
posed by their being based primarily on stature, they are applicab 
to many problems besides cockpit design involving body size. One us 
has been as dummies in firing tests of armor protection in airplane 


| 
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_ Another type of manikin, a % scale, two-dimensional, jointed figurine, 
s widely used in the Bireratk oe to check dimensions in drawings 
ind blueprints of airplanes. Such manikins, with dimensions based on 
he AAF survey and representing AAF flyers better than those previ- 
ay employed, have been constructed and supplied to aircraft design- 
srs for this purpose. 

| 3. Reports of body size in the AAF. Two general reports on body 
lize in the AAF have been prepared. The first, a modified abridgement 
bf the analysis of the basic body size survey prepared at Harvard under 
Dr. Hooton’s supervision, presents percentile values, from 5 to 95%, 
or each trait and includes correlation tables between pairs of measure- 
iaents important for cockpit and turret clearances. This report is in- 
lispensable for laboratory research at Wright Field, but has proved 
oo technical for general industrial use. A second report, in simplified 
‘raphic form, omitting correlations and including increments added 
jo each dimension by various flying clothing outfits, has been more 
uecessful for the latter purpose. 

| The experience gained in specific fields has been utilized in devising 
ther special reports in terms familiar to specific industries. Thus, 
imensions relevant to turrets have been presented in terms of struc- 
ural clearances and tolerances, while Tables of Clothing Sizes are 
0 be prepared like those used in the clothing industry. 

4. Range of movements. An entirely different undertaking, included 
nder ‘‘General Applications’’ only because it does not fit elsewhere in 
ae formal framework of the AAF anthropological program, is the study 
movements involved in various positions of the body. Considerable 
mportance is attached to the prone position in aircraft, since the 
erodynamically ideal fuselage is severely constricted vertically, and 
ince effects of ‘‘g’’, or high accelerative forces, are better withstood 
1 the prone position. A study has been made providing basic data on 
omfort, visibility, and the variety and strength of movements attain- 
ble in the prone position, and head and body harnesses have been 
evised. A study of head and eye movements in sighting, made at the 
equest of a leading turret manufacturer, is described more fully in 
sction B-2, below. It has wide potential applications and illustrates 
nother type of fundamental research which physical anthropology can 
bnduct for the mechanical engineer. 

5. Special projects. As the source of information on body size in 
ye Army Air Forces, the Aero Medical Laboratory receives frequent 
bquests concerning dimensions of AAF flyers from various agencies. 
‘or example, techniques and data have been supplied to the Armored 
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Medical Research Laboratory, Armored Command, Army Groun. 
Forces, for setting up a similar project; ear dimensions have been sug 
plied to the Navy (for earphones) and inter- pupillary distance to th 
Bureau of Standards (for goggles) ; and body areas and percentages C 
the most ‘‘vital’’ areas calculated for the three manikin types in cor 
nection with wound ballistics and firing tests of body armor. 


B. Awrcraft gun-turrets 

Turrets posed the major problem involving body size when the AAI 
survey was undertaken, and the problem, it will be recalled, was twe 
fold: to estimate percentages of flyers accommodated by existing equiy 
ment, and to improve or design equipment to fit the maximum numbe 
Similar problems encountered in tank turrets led to a similar project b 
the Armored Forces, as noted above. 

1. Selection of gunners. All standard AAF turrets and many exper 
mental ones were analyzed by selecting and measuring several ind 
viduals representative of AAF flyers, as found in the survey ; outfittin 
them in standard flying gear; having them operate the turret as 
gunner would; noting the difficulties encountered due to crampin; 
faulty focauon of mechanism, or uncomfortable position and movi 
ments; and comparing the relevant dimensions of subject and turr 
in such cases. These dimensions could then be located as percentil 
in the basic body size survey, percentages of AAF cadets and gunnes 
accommodated could be estimated, and specific suggestions for imprové 
ment made. After all the standard turrets had been so analyzed, it w: 
possible to recommend to the Air Surgeon upper limits on the ag 
and weight of gunners, based on the knowledge that raising the limt: 
above 70 inches and 170 pounds would result not in more gunners, bt 
in more misfits. This recommendation was accepted. An interestin 
anthropological point is that, although neither height nor weight | 
itself critical in turrets, the correlations between these dimensior 
and those that are critical are so high (for AAF flyers) that the forme 
could serve as a rule-of-thumb for selection, without burdening medic: 
examiners with specialized measurements like bideltoid, sitting heigh 
and buttock-knee. 

2. Design of equipment. In virtually all turrets, it was found th: 
changes which were minor mechanically and which could be made wit! 
out materially slowing production would improve conditions greatl 
They were called to the attention of armament engineers at Wrigl 
Field and in the industry, and many of the suggested modificatior 
adopted. The final step was to apply anthropological data to turr 
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design in the initial stages, since it is much easier to modify a blueprint 
or a mock-up than a production model. This has been accomplished in 
visits to major turret manufacturers, where reports on specific turrets 
and on the dimensions of AAF flyers and equipment have been dis- 
cussed and transmitted; representative employees selected, measured, 
and their measurements located in the AAF series; and mock-ups of 
new turrets inspected and analyzed from the gunner’s standpoint. 

3. Visibility. The gunner’s standpoint has come to include comfort, 
efficiency, visibility, and safety. The first two are covered by the analysis 
described above. The gunner’s vision is obviously of supreme im- 
portance in turret design. Based on the normal eye position, visibility 
has been measured in all standard turrets and suggestions made for 
improvement. The ‘‘normal eye position’’ is fixed by the gun-sight 
location, the seat being adjustable up and down to bring the eye of 
gunners of varying sitting heights in line with the sight. But location 
of the gun-sight itself is supposed to be based on normal position and 
movements of the head and eye in sighting! Precise knowledge of the 
positions of head and eye when the gunner is sighting in various direc- 
tions was lacking, with two results: (1) insufficient space was being 
allowed for the head, and (2) gun-sight movement during elevation and 
depression of the guns was frequently fatiguing to follow. At the 
request of a leading turret manufacturer, a study of sighting movements 
‘was made. The results have been distributed to all turret manufac- 
turers and are being integrated with optical requirements in the design 
‘of turret domes and sighting panels. 

4, Safety. Attempts to increase safety in turrets have been along 
three main lines: (1) design of parachutes to be worn in turrets; (2) 
facilitation of entrance, exit, and emergency escape; and (3) armor 
protection. Special provisions along all these lines are necessary if the 
turret gunner is to have the chance that is his due. Progress has been 
‘made in all three—for example, certain turrets now permit direct 
parachute escape, and special steel helmets have been designed for 
turret gunners. The development of special parachutes for turret wear 
is discussed in section D-3, below. 

_ The steel helmet story is an interesting epitome of the entire AAF 
‘anthropological project. The high percentage of casualties caused by 
head wounds from low-velocity fragments led to the requirement that 
‘all bombardment crews wear steel] helmets. Brigadier General Malcolm 
GC. Grow, then Surgeon of the Highth Air Force (and co-founder of the 
Aero Medical Laboratory at Wright Field) designed a light steel helmet 
‘to stop such fragments, based on AAF Head type V, of a set which 
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he found in the RAF Medical Research Center. At the same time, the 
Ordnance Department in this country modified the standard infantry 
helmet to fit over flying headgear. The latter helmet afforded more: 
protection than the Grow design, but was larger; and the problem was| 
whether one or two helmet types should be standardized. Data on head. 
size and turret clearances gathered during the above turret study: 
showed that the Ordnance helmet could not be worn in most turrets, 
whereas the Grow helmet could, thus assisting in the decision that two. 
types are necessary. Other data, similarly gathered, are being utilized 
(1) to determine procurement percentages of the two helmets; (2) in 
the design of a new and smaller helmet by the Ordnance Department;) 
and (3) in modifying the Grow helmet, now standard for turret wear, 
to fit the entire range of head size in AAF flyers. 


The turret study is a continuing project at the Aero Medical Labora-. 
tory. Based on the studies just described, a set of requirements for 
gunners’ provisions in local-control turrets has been prepared and has 
been distributed by the Armament Laboratory to all turret manufae- 
turers as the Army Air Forces’ version of good practice in turret. 
design. In addition, some of these requirements are incorporated into. 
formal specifications which must be met by all new local-control tur- 
rets. New turrets are routinely examined as they appear, and efforts 
to improve the gunner’s lot continue. 


C. Airplanes 


This field, the surface of which has barely been scratched by the 
AAF anthropological project, offers exciting prospects for human 
engineering or ‘‘bio-mechanics’’. Much of the work to be mentioned. 
is still potential. Because of the time lag between airplane design and | 
production, and because of the military pressure for production, anthro- | 
pological applications thus far have been chiefly concerned with acces-| 
sories in production aircraft. Airplane design proper, a long-term. 
project, has been studied mainly in the mock-up stages of experimental 
planes which may fly in a few years, if at all. | 

1. Selection of personnel. Investigations have been made of the need | 
for imposing additional size limitations on pursuit pilots for certain. 
planes, and of the desirability of placing a lower limit on size of women 
pilot trainees. It was found that neither limitation was required. | 

2. Troop seats for cargo aircraft. The military importance of air. 


transportation of combat troops, passengers, and the wounded hadi 
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developed strikingly in the present war, posing problems in the economy 
of space that were hardly conceived of hitherto. In this connection, data 
_ have been supplied for the location and dimensions of seats and windows 
|in cargo and troop-carrying planes. A new seat back has been designed 
_ based on dimensions of troops, proper location of supporting members, 
_and provision for the assumption of postures minimizing motion sick- 
_ness. Some of its features are being considered, pending final tests, by 
/the Joint Army-Navy-British Aircraft Committee for installation in 
production cargo airplanes. The transition just illustrated, from size 
. analysis to original design, has been observed (section III-A) in con- 
nection with prone position harnesses, and will be encountered again 
in oxygen masks, gloves, and the oxygen clip tab on outer garments. 
3. Mock-up inspections. One of the most interesting of all the appli- 
eations of anthropology to military aviation, but about which the least 
ean be said, is the analysis of proposed and still secret airplanes from 
| the flyer’s point of view. Recommendations have been made and ac- 
cepted on size and location of escape hatches, location and adjustment 
of pilots’ seats, gunners’ sighting systems, and movements and sup- 
ports for various positions of the body. 
4, Studies in progress or planned; safety engineering. From 
cramped turrets to crowded cockpits is a logical step in anthropological 
analysis. Data on pilots’ dimensions have been made available to other 
AAF agencies conducting similar research, which includes ‘‘stream- 
lining’’ cockpits to reduce crash injuries; design of seat for comfort, 
efficiency, and safety; and arrangement of windshields and gun-sights 
based on the pilot’s eye position. It is hoped to compare visibility 
downward over the nose of various pursuit planes, with the aim of 
increasing this vital angle. 

Proposed ‘‘safety engineering’’ studies include the establishment of 
‘minimum dimensions for escape hatches, based on measurements of 
large flyers in full gear; and a general project to determine location 
and dimensions of escape hatches, passageways, and installations to 
. protect personnel during crash landing and ‘‘ditching’’ (forced land- 
| ing on water). 


D. Personal equipment 


As might be expected from the nature of wartime research in mili- 
_tary anthropology —a series of immediate, urgent requirements — 
personal equipment has received more attention than any of the other 
three major applications of AAF anthropology. In personal equipment, 
the relation of man to materiel is immediate and obvious. The projects 
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already described — selection of personnel, construction of full-scale 
models, gun-turret and airplane design —are relatively long-term un- 
dertakings, involving the indoctrination of military aviators and 
engineers in a point of view. Such studies can hardly be carried on, 
when, for example, sudden tactical developments lead to an urgent: 
request from a combat theater for a large number of oxygen masks: 
or garments that are still experimental, and the number of sizes, 
dimensions of each size, and proportions of each size in the total must; 
be ‘‘immediately’’ worked out; or when manufacturers are continually’ 
submitting pre-production samples of garments which must be tested. 
for size before production may begin; or when past deficiencies must 
be remedied or new ideas incorporated as soon as possible in the full 
course of production, where every day means thousands of items. Quite 
properly, most of the time and volume of work of the AAF anthropo- 
logical program is devoted to personal equipment. 

1. Oxygen masks. The following brief account of the oxygen mask 
study can only indicate some highlights of this intriguing problem. The 
first attempt to apply anthropometry to aviation medicine, its emphasis 
has long since shifted from analysis and evaluation to original design. 
Even before the head models were constructed, all available masks, 
Allied and enemy, were thoroughly tested for fit on sizeable series of. 
individuals measured according to the Facial Survey Blank (fig. 3h 
Successes and failures of each size of each mask were related to facial. 
dimensions, and proportions of AAF flyers fitted could thus be esti-_ 
mated. Recommendations were made for re-designing and re-sizing, | 
and specific data supplied, with the result that subsequent masks have. 
a much greater percentage of fits. It was determined that three sizes are 
necessary for AAF masks, and the percentages of these sizes have. 
been established for general production and for issue to specific groups, 
of flyers. It has been found, for example, that fighter pilots and espe-| 
cially photographic reconnaissance pilots require a larger proportion, 
of small and medium sizes than do bombardment crews. 

Based on anthropometric data and on consideration of the goggles | 
and helmets with which masks must be integrated, a new mask has. 
been designed and developed about which little more can at present. 
be said than that it is well past the experimental stage and in opera- 
tional use. It has proved to fit virtually all AAF flyers, including 
women, and to be suitable for a number of purposes, including resusci- 
tation of unconscious flyers. Other types of masks, such as a full-face 
mask incorporating goggles, for waist gunners; and combinations of 
plastic and rubber materials, are being experimentally designed. 


/ 
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2. Clothing. a. Fit. Anthropometric data have been translated into 
tailors’ measurements in Tables and Sizes and Percentages for AAF 
Flyers, supplied to the organizations developing, engineering the pro- 
duction, and procuring AAF flying clothing. Jackets, trousers, helmets, 
}and gloves have thus been sized, and a table for shoes is planned. These 
tables are routinely utilized in the design, sizing, procurement, and issue 
jof flying and other clothing for AAF flyers. Thus, the number of sizes 
required and the dimensions for each size will be tentatively established 
‘for a proposed garment, based on knowledge of its function, design, 
;material, and associated clothing. A sample of each size is made and 
tested on subjects of known dimensions, and the size schedule modified 
|as required — more or fewer sizes may be necessary, or different dimen- 
sions indicated. These dimensions are included in the specifications. 
Finally, the percentages of each size in the total production is deter- 
mined. A similar program for women’s clothing is under way. 

As for actual production garments, samples of flying helmets are 
routinely submitted for size tests before manufacturers may begin full 
production, and periodic samples of all garments are routinely inspected 
for conformity with the dimensions in the specifications. A study of 
glove sizing has led to the construction of model hands and to experi- 
mental design of gloves with curved fingers. A lighter touch has been 
‘afforded by the determination of the required range of adjustment in 
‘suspenders to be worn with high and low waisted trousers. 

b. Bulk. A consideration frequently overlooked by airplane, turret, 
and clothing designers is the bulk inherent in most flying clothing. It 
has been found that even in electrically heated clothing, adequate insula- 
tion entails bulk which, in the limited spaces available, cannot be dis- 
regarded and may actually impede efficiency. Increments added by 
‘various standard outfits (shearling, electrically heated, and down-filled ) 
‘to each dimension measured in the body size survey, have been deter- 
‘mined and compared. These figures indicate relative percentages of 
the various outfits for the total clothing program, since the bulkiest 
‘cannot be used in certain crew positions; form an indispensable supple- 
‘ment to body size measurements used by airplane and armament 
‘engineers; warn the clothing designer of the limitations imposed by 
aircraft; and indicate regions of the garment where bulk might be 
reduced. 

ce. Flexibility. A problem allied to those of bulk and fit of clothing 
‘is the comparative flexibility of various outfits, for which a program 
‘of study has been devised. Limited space and the weakening effect of 
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extreme altitude, even when pure oxygen is supplied, makes this prob- 
lem acute in military aviation. | 

3. Parachutes and harnesses. The initial turret investigation has 
led, as already noted, to work on steel helmets and on bulk in flying cloth- 
ing; a third avenue has been toward parachutes for turret wear. Limited 
space has made it virtually impossible for gunners to wear parachutes 
over adequate clothing in some aircrew stations which offer the best 
opportunities for emergency escape! Expressly designed parachutes) 
have been solicited, tested in turrets by selected subjects wearing vari- 
ous clothing outfits, and further recommendations made to the designers. 

The required sizes and range of adjustment for parachute harnesses) 
have been studied, and work is contemplated on the integration of the 
one-man life raft with the parachute harness, and on the design of the 
life raft itself. 

4, Special equipment. Under this heading come anthropometric data 
applied to a number of projects on which considerable work has been 
done but which will merely be listed in order to keep the present paper 
within reasonable bounds. These projects include: (a) body armor; 
(b) goggles; (c) location of earphone sockets on helmets; (d) special 
combat devices for pursuit pilots; and (e) a project stemming from 
work on clothing and only remotely anthropological; namely, the de- 
sign and location on outer garments of a tab for attachment of a clip 
at the juncture of the flyer’s oxygen equipment with that of the ship | 


IV. SUMMARY AND GENERAL CONCLUSIONS 


The background, history, and operation of physical anthropology in 
the Army Air Forces have been briefly summarized. Initiated as a con- 
sequence of pressing military problems involving human dimensions, 
the basic procedure was an anthropometric survey of Army Air Forces) 
flyers, several thousands of whom have now been measured. These 
measurements have been applied to the selection of personnel and to 
the design and sizing of military aircraft and associated equipment, 
including gun-turrets, oxygen masks, flying clothing, and parachutes, 
with the aim of increasing the comfort, efficiency, visibility, and safety 
of flying personnel. The Army Air Forces anthropological program 
has served as a model in the organization of a similar project by the 
Armored Command, Army Ground Forces. 

A few general remarks may be in order. Much has been learned since 
the early attempts to use anthropological terms in discussion with 
aeronautical and mechanical engineers and with clothing designers. 
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Technical anthropological language is now avoided as completely as 
possible in such discussions, although it is necessary for precision among 
anthropologists themselves. Even when carefully defined, it has been 
found to interpose a serious barrier between the anthropologist and 
those who seek his advice. Not only technical language, but some tradi- 
tional anthropometry has also been discarded when it became evident 
that techniques and measurements originally devised for evolutionary 
and racial investigations are not necessarily applicable to human 
engineering problems. At the same time, new ones have been devised 
‘when required, some as far from classical anthropometry as are the 
problems they help to solve. 

_ Several trends have characterized the Army Air Forces project. 
(1) There has been a consistent transition from analysis and evaluation 
of existing items to original design of new equipment, exemplified in 
connection with cargo airplane seats, oxygen masks and clip tabs, and 
prone position harnesses. (2) The original problems have ramified into 
many fields related only through the human element. Turrets have led 
to studies of clothing bulk, steel helmets, and parachutes; oxygen masks, 
to work on all head and facegear; clothing, to oxygen equipment; and 
size analyses of specific turrets, to safety engineering in general. This 
emphasizes that the designer of equipment for human use should begin 
with man himself, rather than relegate him to the subordinate position 
in which he is too often found. (3) As a consequence, the physical 
anthropologist can occupy a central position as human engineer, as 
exemplified by the numerous liaison functions he has come to perform 
in the Army Air Forces. For example, parachutes and gun-turrets had 
been designed separately; so had goggles, oxygen masks, and helmets; 
so had flying clothing and oxygen equipment. Anthropologists have 
initiated the integration of all these sets of materiel. 

The physical anthropologist can furnish to the product engineer in- 
formation on the size and shape of the human body and on the nature 
and range of normal movements. Once such information becomes 
available and its existence and source generally known, it has been 
ound that engineers and designers of all types of equipment are most 
cooperative in requesting and utilizing anthropological data. Nor are 
the practical applications of physical anthropology limited to military 
equipment; ineed, civilian products offer a much wider field, since com- 
fort and satisfaction of the individual are of even greater moment. 
Physical anthropology may well expand its war-time contribution into a 
permanent feature of man’s design for living. 
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THE SKULL OF SINANTHROPUS PEKINENSIS; A Comparative Study 
on a Primitive Hominid Skull. By Franz WEeEIDENREICH. Palaeontologica 
Sinica, New Series D. no. 10, Whole Series no. 127, 1943, xxi + 298 pp., 
38 tables, 93 figures, 245 references, index. 


For a long time it has been apparent that the choice of Professor Weidenreich 
as successor of the late Davidson Black, to continue and carry to completion 
_ the studies of Sinanthropus, was an appointment so wise as to suggest selectional 

genius in those that made it. It is to be hoped that in postwar days explor- 
ations of the Sinanthropus sites may be continued and that Professor Weid- 
enreich will go on with his brilliant studies of the specimens recovered. How- 
ever, for the present, this large monograph on the Sinanthropus skulls marks the 
culmination of a project begun in 1927 that has added more to our knowledge 
'of human evolution than it seemed possible that a single small area could 
contribute. 

Professor Weidenreich has had the opportunity of studying not only the in- 
comparable Sinanthropus collection, but, in a preliminary way, also the 
new Pithecanthropus and Soloensis material, the most of which has been 
published incompletely, and some of it not at all. Weidenreich’s vast knowledge 
of human palaeontology make his remarks and comments on the Java material, 
which has been used for comparison with Sinanthropus, the most authoritative 
statements up to now upon the other great oriental collection of remains of 
earliest man. Hence, this book on Sinanthropus is in reality a treatise upon 
the whole subject of palaeanthropic man and a detailed exposition of the author’s 

/views upon human phylogeny. 

The material dealt with in detail in the monograph includes fourteen incom- 
plete skulls of Sinanthropus, of which five are calvariae and the rest are repre- 
sented by one or more fragments. The teeth and mandibles of Sinanthropus have 

been studied by Weidenreich in earlier publications. 

The part on the structural characters of the Sinanthropus skull includes mas- 
terly descriptions and analyses of the morphology of the calvariae in the various 

-norms or aspects, of the separate cranial bones, and of the facial skeleton. This 
section also deals with the reconstruction of the face and skull of Sinanthropus, 
with the metric and craniographic data; the ‘‘architectonic’”’ structure of the 
skull; age, sex, and individual variation; and the causes of the fragmentary 

condition of the material. 

Part III compares the Sinanthropus skull with that of other forms of fossil 
man and with the skulls of anthropoid apes. Whereas the bulk of the work 
consists of morphological description and metric data that may be accepted as 

‘final and definitive, the comparative section is interpretative and includes many 
Opinions and conclusions that may be contested by other students. It is inter- 

‘esting and amusing to note that the amiability and gentleness of personality 
which Professor Weidenreich invariably manifests in personal contact contrast 
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somewhat with the tone of his writings upon controversial scientific subjects. | 
His dialectie style is more bellicose than conciliatory — a characteristic that en-| 
hances the enjoyment of the innocent anthropological bystander. 

The reviewer cannot hope to summarize this great work, nor does he pre-| 
sume to criticize, because the readers of the Journal want to know what Weid-. 
enreich has discovered and what he thinks rather than the reactions of the | 
present writer to aforesaid facts and opinions. However, it is in order to quote, 
some of Weidenreich’s postulates and to skeletonize his more important con- 
clusions. 

Page 1. Introduction. ‘‘In determining the character of a given fossil form and its special 
place in the line of human evolution, only its morphological features should be made the 
basis of decision; neither the location of the site where it was discovered nor the geological | 
nature of the layer in which it was embedded are important.’’ (Reviewer’s comment: ! ! { !) | 

; “(Tt is a generally accepted conception that Man has developed in the course 
of time by gradual transformation from an ape-like type to the type he presents today. 
Viewed from this fundamental standpoint, it is logical to assume that the more a form) 
resembles the supposed ancestor the more ancient it will be, or. that the more ancient it is. 
the more ‘primitive’ it should be.”? . . . . (page 3) ‘‘Therefore, when the word | 
‘primitive’ is used in this paper, it should be understood to mean only ‘closer to the original 
form of man,’ irrespective of man’s relationship to other primate forms.’’ (Reviewer’s 
comment: ? ? ? ?) 

Conclusions. Page 273. ‘‘Sinanthropus and Pithecanthropus are the most primitive hominids 
so far known. Of the 121 main characters of the Sinanthropus skull — excluding mandible 
and dentition— . . . . . 74 can be checked in Pithecanthropus . . . . In 57 out 
of these 74 main characters Sinanthropus and Pithecanthropus completely agree. Eight 
characters are doubtful and five accidental ones.’’ Sane 

‘< ¢Poanthropus’ should be erased from the list of human fossils. It is an artificial com- 
bination of fragments of a modern-human brainease with orang-utang-like mandible and | 


teeth. Sinanthropus and Pithecanthropus show that relatively advanced types of mandible. 


and teeth can be part of a skull with a primitive braincase, but the conditions are never 
reversed.’’ 
t 


Page 274. ‘‘The braincase of Pithecanthropus is generally smaller and its walls thicker 


than is true in Sinanthropus, . . . . the average cranial capacity amounts to 870 ee. 
in the former as against 1075 ce. in the latter . . . . The Pithecanthropus. frontale| 
is flat and continues almost directly into the frontal torus while that of Sinanthropus has 
developed a bump-like protruding tuberosity separated from the frontal superstructure by. 
a distinct groove. The air-sinus is very spacious in Pithecanthropus but small or completely | 
wanting in Sinanthropus . . . . Pithecanthropus and Sinanthropus, therefore, are rep- 
resentatives of about the same general stage of human evolution but of two different regional 
or racial variations of that stage. Which form is the more primitive cannot be decided 
while the Pithecanthropus material remains as scanty and as fragmentary as it is at 


present.’’ 
““Homo soloensis (Ngandong skulls) cannot be placed in the Neanderthal group but 
represents a rather more primitive type. . . . . It differs from Sinanthropus in the P| 


characteristics in which Sinanthropus differs from Pithecanthropus. Homo soloensis appears, 
therefore, as an enlarged Pithecanthropus type on the way to an advanced form.’’ 
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“‘The group of fossil hominids usually designated under the collective name ‘‘Neander- 
thalians’’ fits comfortably in the line of human evolution with Pithecanthropus-Sinanthro- 
pus on the base and modern man at the top.’’ 

Page 275. ‘‘The limb-bones of all fossil hominids, speaking only of those the attribution 
of which is not doubted, exhibit a perfectly human character. . . . This indicates that 
‘the adoption of an erect posture far preceded the transformation of the skull.’’ 

Page 276. ‘‘There is no evidence of any specialization or side-branching in the devel- 
‘ment of homid (sic) forms from the Sinanthropus-Pithecanthropus stage up to that of modern 
man.’’ 

ee there are clear evidences that Sinanthropus is a direct ancestor of Homo 
‘sapiens with closer relation to certain Mongolian groups than to any other races.’’ 


This truly great work of Weidenreich has rendered all students of early 
‘man his debtors. At a time when Physical Anthropology in the United States 
thas recently suffered the loss of several of its pioneers and leaders — Todd, 
Pearl, Hrdliéka, and Davenport — our branch of science has reason to congrat- 
‘ulate itself that Franz Weidenreich, one of the best European anthropologists, 
is now domiciled in its midst and ready to lead it forward. 


EH. A. Hooton 
Harvard University. 


THE PROBLEM OF ANTIQUITY OF MAN IN AUSTRALIA. By D. J. Ma- 
HONY, Mem. Nat. Mus. Melbourne, no. 13, 1943. pp. 7-56, 7 figs., 3 pls., 212 
refs. 


THE KBHILOR FOSSIL SKULL: ANATOMICAL DESCRIPTION. By J. 
WunperLty. Mem. Nat. Mus. Melbourne, no. 13, 1943, pp. 57-70, 1 fig., 9 pls., 
2 tables, 12 refs. 


THE KEILOR FOSSIL SKULL: PALATE AND UPPER DENTAL ARCH. 
By Winuram Apam. Mem. Nat. Mus. Melbourne, no. 13, 1943. pp. 71-78, 4 
figs., 2 pls., 7 refs. 


ITHE KEILOR FOSSIL SKULL: GEOLOGICAL EVIDENCE OF ANTI- 
| QUITY. By D. J. Manony. Mem. Nat. Mus. Melbourne no. 13, 1943, pp. 
79-81, 5 refs. 


Eleven miles northwest of Melbourne, near Keilor, two mineralized skulls 
and some other human bones were found in 1940, 19 feet deep in a sandpit 
in the third or Keilor or 45-foot terrace (103 feet above sea level) of the 
Maribyrnong River. One skull, complete except for mandible, is described and 
discussed in the above reports. The other, and most of the bones, “‘have not yet 
been received by the Museum.”’ 

The Keilor and two lower terraces (36 and 27 feet) ‘‘correspond’’ with the 
40- to 50-foot raised beaches of northern Tasmania which have been corre- 
lated by Edwards with the Riss-Wiirm interglacial. Their differences in elevation 
“‘may represent’’ eustatic fall in sea level towards the end of the interglacial. 
These correlations are specified as tentative (p. 80). 
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The skull is described in two tables of measurements with comparative means 
of Australians, Tasmanians, Papuans, Melanesians, and three groups of Poly; 
nesians; by six photographs and three plates of life-size contours; and by sev- 
eral pages of text discussion. The outstanding characteristic is the size: capacity 
(Lee’s formula no. 10) 1593, length 197, breadth 143, basion-bregma 143, 
circumference 544, nasion-opisthion are 389. These figures surpass all the racial 
means cited in comparison, except that the Hawaiians equal Keilor in breadth, 
Wunderly adds that Keilor exceeds all the means in seventeen of twenty-eight 
measurements. In the three diameters it approaches the maxima recorded! 
among 1000 Australian skulls measured by Hrdlitka, being exceeded in lengthi 
by the maxima for five of six regional groups, in breadth by one in six, in| 
height by four in six. That is, only ten of these particular eighteen maximal 
are greater than the Keilor individual. | 
The photographs indicate a fair mastoidal but only moderate superciliary de 
velopment, though Wunderly says that the latter is ‘‘more prominent than is 
usual’? in South Australian skulls. He notes that ‘‘the extreme features’’ o 
many male Australians — acute keeling of the vault, rough areas of muscle 
attachment, general ruggedness of bone construction — are lacking. 

Inspectionally, the most striking features of the Keilor specimen is the small 
ness of the rectangular and downward sloping orbits. This is borne out by orbital 
diameters — 39.5 and 30— which, in spite of the size of the skull, are les 
than the means for six Australian regional groups; less also than the means fo 
five Papua-Melanesian-Polynesian groups cited; and barely surpassed only b 
a series of Tasmanians whose capacity is 350 ce. less. 

All in all, the skull does not seem specially primitive either by Australia 
or by general human phylogenetic standards; especially for a pre-Wirm age. 

All three of the authors are considerably exercised by the question of Tas 
manian versus Australian resemblances in Keilor; not because the Tasmania 
similarities are obtrusive, apparently, but because of some speculative hypothesi 
as to Tasmanian-Australian racial relations which seems to be momentarily 
in the forefront in Australian thought, just as it agitated Wood Jones int 
devoting to its refutation most of his review in Nature. This local issue will n 
doubt ultimately come into its own so far as it deserves. For the present i 
seems calculated to distract Australian, workers from the major problem o 
placing the discoveries of their continent more definitely in the total scheme o 
human development. 

And Mahony at least does seem interested in this larger problem, as evidenced 
by his first paper. He considers Talgai wholly unsatisfactory as regards geo- 
logical evidence, and cites Wood Jones’ finding of its falling within the rang 
of variation of recent aborigines. The same holds for Cohuna, according to 
Shellshear and T. D. Campbell: Sir Arthur Keith’s account of Cohuna i 
based not on the skull itself’ but on ‘‘some data, with measurements and a 
tracing along the middle line of the skull;’’ this tracing was made before remova 
of a mineral incrustation (up to a quarter of an inch thick), which is said t 
have been mistaken for bone. Mahony himself in 1936 reported ‘‘no evidene 
of geological antiquity”’ at the site. | 

The net effect on the reviewer of the evidence produced in these four impor: 
tant papers is one of skepticism whether Australia has yet yielded anything 


. 
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really ancient either in time or in type of human development. The bones 
found seem at least as close to those of historic natives as Upper Paleolithic 
skulls are to those of historic Europeans. Their period may, like that of Cro- 
Magnon man, extend back into the very terminal Pleistocene. There seems 
to be no compelling evidence in hand for anything earlier or for anything 
developmentally less advanced in Australia; nothing as old or as definitely non- 
modern in type as say Neandertal or Solo. Size seems to be the one outstanding 
srait of Keilor as of Wadjak and of the Talgai and Cohuna palates; and since 
size recurs as characteristic of Cro-Magnon and Afalou, of Neandertal, Solo, 
and Broken Hill, one wonders whether bigness actually marked one stage of 
auman evolution or whether it was the big and rugged skulls that got preserved. 
| However that may be, this group of monographs on Keilor is important. 


A. Li. KrorsBErR 
University of California 


MAN’S MOST DANGEROUS MYTH: THE FALLACY OF RACE. By M. F. 
AsHLEY Montagu. Columbia Univ. Press, New York, xi + 216 pp., 1942 
($2.25). 


3ACE: SCIENCE AND POLITICS. By Rut Benenpict. The Viking Press, 
New York, xi + 273 pp., revised ed., 1943 ($2.50). 


THE RACES OF MANKIND. By RutH BENeEpIcT AND GENE WELTFISH. Pub- 
_ lic Affairs Committee, Inc., New York, Pamphlet no. 85, 31 pp. (10c). 


RACE, REASON AND RUBBISH. By Gunnar Danupere (translated by 
| Lancelot Hogben). Columbia Univ. Press, New York, 240 pp., 1943 ($2.25). 


| The titles of the four recent books listed here have one word in common: 
ace. Yet the books will be found to lack detailed data on the races of mankind 
‘nd even in some cases a definition of the word ‘‘race’’ itself. Their main pur- 
sose is to expose racism, by which is meant the perversion of the scientific race 
oncept for political purposes. These books are thus closely identified with the 
yorld struggle through which we are now passing and are intended for a 
sopular rather than scientific audience. Their differences in approach — whether 
‘enetical (Dahlberg) or historical (Benedict) — and scope — whether 31 pages 
't 10¢ or 273 pages at $2.50 — give the reader a considerable range of choice. 
‘uch facts as are marshalled for the purpose at hand appear to be correct. 
Only one of these books, that by Montagu, calls for more extended mention 
ere, for the reason that its author accuses the physical anthropologists of pre- 
fendelian thinking as regards race. In the first two chapters of this belligerent 
reatise Montagu attempts to show ‘‘the meaninglessness of the anthropological 
onception of race’’ by identifying it alternately with biological taxonomy and 
acism, and at the same time holding up for comparison what to his way of 
hinking is the only useful concept, namely, that of genetics. 
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As Benedict says (Race: Science and Politics, p. 32), ‘‘Racial classificati 
of the human species has an honorable background.’’ Furthermore, mode 
anthropologists, far from limiting their attention to outmoded taxonomic pr 
cedures, are following with intense interest the new developments in hum 
genetics. One has only to look at the literature on blood groups, which w 
one of the first human genotypic characters to be understood, to see that a 
thropologists have contributed their full share to these investigations, in spi 
of the highly specialized procedures involved. Nevertheless, the human genet 
characters that are sufficiently understood to be usable for gene distributic 
studies, and hence racial classifications in the genetic sense, are still very limite 
in number. 

On the other hand, physical anthropologists are being confronted with th 
practical probem of describing phenotypic group differences, both in the livin 
and in the osseous remains. In tackling this problem they are not necessari 
concerned with human phylogeny as such; they may be working on a local pha 
of history in conjunction with archeologists; or they may be studying the e 
fects of environment on the organism. Merely because they resort to the proce: 
of averaging measurements, for lack of a better tool, they can not be said to 
indulging in ‘‘race making’’ as Montagu claims. 

It is undoubtedly true that physical anthropologists lose sight at times 
genetic principles, and also that they sometimes use the word ‘‘race’’ ver 
loosely. The chief value of this book to the professional is its reminder of the 
failings. However, this is quite a different issue from racism, which is the ma 
theme of the book, and its use as an introduction to the latter subject serve 
only to confuse the general reader. 


T. D. Stewart 


HUMAN CONSTITUTION IN CLINICAL MEDICINE. By Grorce Drapr 
C. W. Duprerruis anp J. L. Caugury, Jr. Paul B. Hoeber, Inc. Medie 
Department of Harper and Brothers, New York. xi + 273 pp., 31 tables, 
figures, bibliography. 1944. ($4.00) 


In a well-presented discussion of the ease for constitutional studies in clinic 
medicine the authors have concerned themselves primarily with describing se 
eral of their approaches to the study of the biology of man. Some material whi 
had been published separately in various medical journals from the Constituti 
Clinic of the Presbyterian Hospital has been rephrased and quoted directly. 

It is an essay concerned with clinical medicine, yet one which deals especia 
with the nature of the ‘‘man within the patient.’’ In the preface the autho 
state their objective and note that they *‘‘have tried to utilize any dependab 
and appropriate method which is applicable to the various aspects of the o: 
ganism . . . In morphology, for example, the anthropometric technique 
Martin, the photographic somatotyping technique of Sheldon, and an over 
observation and correlation of feature detail and relationship, and of hair, pi 
ment, teeth and joints’’ have been employed. 

Unquestionably this work is stimulating to all workers in constitutional studie 
The chapters entitled: ‘‘Growth, Development, Decline and Death; Mosaic ( 
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indrogyny ; Problems of Observation, Correlation and Interpretation; Anthro- 
ometry ; Somatotypes ; and Problems and Examples in the Clinical Use of Con- 
titution Studies” will be examined most carefully by physical anthropologists, 
*ho must bear in mind that the authors are addressing themselves particularly 
> medical students. 

Anthropometric measurements on 244 male and 585 female patients were 
nalyzed. They were studied by disease groups wherever 20 or more subjects 
ould be included from those chosen at random among the hospital’s patients 
“ho were over 20 years old and of European ancestry. The authors have not 
ublished the full statistical tables in which significant differences for disease 
roups were shown. This is to be regretted, but the tables ‘‘are preserved for 
aterested investigators at the Constitution Clinic of the Presbyterian Hospital.’’ 
nstead of this more conventional presentation, a scale of seven equal grada- 
ions was used where the measurements were calculated in percentage of stature, 
| procedure considered to be valid, inasmuch as there was almost no variation 
1 average stature for the different disease groups. For every increase of 10% 
1 the measurement-stature ratio the gradations in the scales were expanded 
{10 units. The table of scales used in the study is given. Such arrangement 
f material facilitates comparisons and presents in compact tables significant re- 
tionships among the disease groups offered for study. 

' The somatotyping studies followed the technique of Sheldon and extended 
Ss 4 years. The three components are here described as I- soft roundness, II- 
.useular solidity and III- linearity (delicacy) in place of the terms endo- 
.orphy, mesomorphy and ectomorphy formerly used. This seems to be a desira- 
le step as it gives a simpler descriptive value to the designations and avoids 
ny implication of the nature of the causes producing the three basic bodily 
aaracters under assay. Records of 195 male and 126 female patients were 
rouped as they were for the anthropometry analysis, by disease types. Aver- 
zes for the rating of the emphasis of each component in each physique on a 
2ven-point scale serve to form an ‘‘average somatotype’’ for the different 
roupings. Distributions are given only for the duodenal ulcer and gall bladder 
mmatotypes of the male series. The whole chapter presents confirmatory evi- 
ence of the utility of the somatotyping analysis for some constitutional inves- 
gation. It is to be hoped that studies of larger series in which more detailed 
Be. can be spread out will be published as the work of the Constitution 


ilinie proceeds. 
Joun K. Bonen, JR. 


Hotchkiss School 


HNCOLN: DOUGLAS, THE WEATHER AS DESTINY. By Wiuiam F. 
Perersen. Cuarues C. Tuomas, Springfield, Ill, X, 5-211 pp., 1943. 
($3.00) 

-It is impossible in a review to do justice to this unique and original departure 
1 the field of scientific history and biography without referring now and then 
) the author’s series of medical treatises entitled ‘‘The Patient and the 
Teather’? (Edwards Brothers, Inc., Ann Arbor, Mich., 1934-38). As a physiol- 
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ogist and pathologist, a biochemist and meteorologist, Dr. Petersen expounds 13 
“The Patient and the Weather,’’ with all the meticulous detail involved in clini 
eal research and medical writing, his thesis that the individual human organisi 
is a ‘‘eosmie resonator’’, not esoterically but quite simply an earth-bound organ 
ism that is creature and pawn of the tides of solar radiation affecting our at 
mosphere. : 

All great explorers at times lose their perspective in enthusiasm for their goa] 
and to this Dr. Petersen is no exception: but his research is an exhilaratins 
adventure to follow, a course plotted and steered by an expert hand and on. 
which physical anthropologists in particuar may well watch with a ‘‘weathe 
eye.’’ It is no derogation of the major theory involved or the brilliant researc! 
and handling of experiment and data, to say that many anthropologists, fror 
a variety of angles — historical, cultural, racial, social, psychological — ca 
and some undoubtedly in the course of time will, successfully attack and unde 
mine some phases of the confortable compactness and assurance of this ne 
version of environmental determinism. Despite the fact that Dr. Peterse: 
says in the conclusion to his study of Lincoln (p. 163) “‘T have stressed . . 
weather, not because it is all important, but because it is one of the neglecte: 
forces,’’ the weather is clearly for the author a creative as well as a limitin 
factor in evolution and history. There is some comfort, however, in observin 
that lean, sensitive Lincoln, though victimized by weather, beat stout ‘“‘we 
buffered’’ Douglas politically, outlived him and by his deeds became immorta 
whereas Douglas by reason of his immunity to weather and his comfortable co 
stitution exhausted himself and fell short of his destiny. It seems, then, th 
a Lincoln is also resonator for something more potent than weather, implie 
in the genes and hence also cosmic, expressed as will and character. 


Dr. Petersen is rendering anthropology a great service in pointing the wa 
to a return to the study of Man as individual organism evolving and existin 
in the matrix of environment. The ‘‘Lincoln: Douglas’’ assay, in which Dougla 
Lincoln’s political opponent and opposite as a constitutional type, and al 
his wife Mary Todd (also an opposite type) serve as foils in the drama, is thi 
study of three individuals — their heredity, their characters and their career 
as affected by weather coincidental with the major events of their lives. Wha 
lies behind this popular exposition, in study and research, is to be found sum 
maried in Part 2 of Vol. I of “The Patient and the Weather”: Chapt 
I, the Individual, and Chapter XV, The Human Organism as a Cosm 
Resonator. (This volume of the series is the one most significant for anthroy 
ologists. It covers also Constitutional Type, the meteorological approach an 
the biological principles involved in Petersen’s study.) It is in focussing hi 
study of meteorological factors as affecting Man upon the individual that our al 
thor differs from Ellsworth Huntington and his demographic, geographic er 
vironmental studies, and from Griffith Taylor with his geographic, climatic an 
ethnographic perspectives. 


Weather-sensitive Lincoln was ‘‘The Slender Type,’’ robust Douglas “om 
Broad Type’’ (pp. 10-17, 29-33). In his medical treatise (‘‘The Patient ani 
the Weather,” Vol. 1, Part 2, p.5) our author writes, “This bipolar grouping 
which Stockard has emphasized, is not only biologically sound but clinically uss 

| 
. 
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ful...’ After this follows his classification of the traits characteristic of the 
opposite types. (The ‘‘Slender’’ is dolichocephalic, by the way, the ‘‘Broad’’ is 
-brachycephalic. How charmingly simple, anthropologically! What of the 
genetically stable ethnic types that contradict this pleasing simplification?) 
Returning to the bipolar grouping, in Petersen’s scientific terminology the ‘‘Slen- 
der’’ is Leptosome and the ‘‘Broad’’ is Pyknic. ‘‘For the ‘in-between types’ 
we use the designation ‘normosome’ or ‘athletic’ type: It actually represents 
a blend.’’ (Chapter I of Voi. 1, Part 2, of ‘‘The Patient and the Weather’”’ 
‘analyses the problem.), 

| While the confusion that exists in medical and anthropological research 
‘with respect to constitutional type actually affects very little the weight or 
‘validity of Petersen’s evidence supporting his thesis that opposite constitu- 
‘tional types react differently to meteorological controls, nevertheless his com- 
‘mitment, because it is ‘‘clinically useful,’’ to the over-simpified concept of bi- 
‘polarity may prove to be one of the weakest points in the rigorously thorough 
and carefully integrated structure of his scientific exposition. But what can a 
medical man do but choose a classification that is ‘clinically useful’’ and ap- 
pears to be biologically sound, unless and until somatologists set up universally 
‘acceptable criteria? It is this that Sheldon has undertaken to do, with respect 
to Constitutional Type. Physical anthropologists, like the cyclonic storms of 
our latitude, are blowing hot and blowing cold with respect to Constitutional 
/ Type: some hot in criticism and condemnation, others cold in disdain. Yet who 
is to perform the necessary service of definition unless it be anthropologists, 
‘collaborating with anatomists and clinicians? 

Social anthropologists ought to study Petersen thoroughly: but they will 
turn a ‘‘polar face’’ to his doctrine that weather makes the man. If Petersen 
is right, if weather at time of conception, storm tracks and sun spots determine 
the nature and behavior of the individual, govern his ‘‘destiny,’’ then society 
as an aggregate of individuals is not merely influenced by the ‘‘weather”’ 
- but the destiny of Man, civilization and history are determined by it. I wonder 
| whether Dr. Petersen has thought this phase of his theory through? He is his- 
torically-minded, for one of the most interesting features of his long range 
thinking is his correlation of certain major events in human affairs in the long 
perspective of history with eycles of solar activity. As an anthropologist (but 
not a sociologist), I feel that the most vulnerable point in Petersen’s masterly 
array of fact and theory is his failure to weigh sufficiently cultural, social and 
‘strictly psychological phenomena as primary factors affecting individuals and 
society. This failure is not a result of Dr. Petersen’s lack of insight, I am 
sure, but of the discipline in which he was conditioned and in which he works, 
/namely modern medicine. The cold, damp shack with dirt floor in which 
. Lincoln was born, the lean diet (alimentary, social and intellectual) of a ‘po’ 
_ white’’ family such as that of Thomas Lincoln, his wife Nancy Hanks and their 
son Abraham— these living conditions, characteristic of what used to be 
referred to in Virginia as ‘‘hog and hominy’’ explain as much to me as the 
/ weather. I shoud like to see an anthropologist, capable of weighing fairly 
| all the factors of cultural and physical type and environment, interpret Lin- 
eoln. I believe such a study would convinee Dr. Petersen that Lincoln’s leanness, 
| fatigue, lack of stamina, his temperament were not only caused by genetic fac- 
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tors determining Constitutional Type, plus weather, but were due in part, 
and in no small part, to poor diet and the meagre, uncomfortable living habits 
characteristic of early American pioneer dirt farmers; that his physical and 
mental handicaps are also in large measure attributable to social, cultural and) 
intellectual starvation and warping of a mind and spirit with very superior) 
potentialities cast in soil almost devoid of requisite cultural nutrients. 

Dr. Petersen reveals himself in ‘‘The Patient and the Weather’’ as a man) 
of rare originality with a thoroughly scientific attitude, clear vision and su- 
perior ability to report the results of his complex clinical and documentary re-| 
search and wide scientific and scholarly learning. In ‘‘Lincoln: Douglas’’ he 
proves himself to be a writer off the first order whose imagination can lift’ 
and stimulate his reader without leaving the firm footing of demonstrable fact. | 
The running text of this volume containing story, argument and essential evi-. 
dence is lucid and clear. Numbers in the text refer to lengthy notes in the 
Appendix, meteorrograms, and historical and biographic data illustrating and 
supporting the statements in the text. The book is unique and original in its ar- 
rangement: supporting proofs, documentation and bibliography are all there 
but not too obtrusive for the serious but uninformed layman. In this alone 
many scientists will find the book worth looking at. Once looked at, it is likely 
to be read. 


E. S. C. Hanpy 
Oakton, Va. 


MANKIND SO FAR. By Wriu1am Howe tis. The American Museum of Natural 
History, Science Series. Doubleday, Doran and Company, Ine., Garden City, 
N. Y. xii + 319 pp., illustrated with drawings and photographs. 1944. ($4.50). 


Dr. Howells has made the best contribution to date toward supplying a general 
and elementary yet scientifically reliable work on a subject in which man is most. 
interested — namely, the history of his species and of the living races and a pre-| 
diction of what he will become. The title, MANKIND SO FAR (the underlining | 
is mine), is particularly well chosen in that it implies the very important fact ’ 
that man is still in the process of evolving. | 

Lueidly, interestingly, often humorously, and with the utmost simplicity for | 
such a complicated subject, he traces the hominid line from the fishes to the 
present races. He gives a clear cut picture of the vertebrate world as a whole and. 
man’s relative position in it. This develops in the reader the anthropological | 
point of view of objectivity and perspective which is so valuable and effective in | 
curing the worst disease of our times, ego- and ethno-centrism. In a work of this 
kind, in order to avoid confusing and misinforming the reader, fact must be ex- 
plicitly distinguished from theory. To do this, the author must be very clear | 
about and conscious of this himself and constantly and emphatically point it out | 
to the reader. In most cases, Dr. Howells is particularly careful to do this. 


The subject matter is divided into three logical parts. In Part I, evolution, its | 


causes and effects, is remarkably simply and accurately discussed. However, the | 


mechanics of evolution are omitted because the author says ‘‘they are not actually 
necessary here’’. I feel this omission is most unfortunate. A simple yet correct, 
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understandable explanation of this subject usually so incorrectly understood by 
the layman and non-biologically trained teacher would be most welcome. As a 
eollege teacher of physical anthropology for a great many years, I have found 
that perhaps upon no other subject taught in high school and in non-biological 
‘courses in college are students so confused and so inaccurately informed as upon 
this one — the mechanics of evolution. So I appeal to Dr. Howells to reconsider 
his statement that ‘‘they are not actually necessary here’’ and to correct this 
jomission in his simple, direct, and capable style in the next printing by an appen- 
dix or some such means. In the rest of this section, man is dispassionately shown 
to be just one of the vertebrates, one of the mammals, one of the primates, one of 
‘the anthropoids, and, finally, how at last he is distinctive as an hominid. Part II is 
|particularly valuable in assembling the material on fossil man up to date. It also 
‘deals with the origin of Homo sapiens which is of course theoretical, therefore 
controversial. The author clearly recognizes this by his statement ‘‘problems are 
almost all that fossil humanity has given us.’’ Part III is devoted to the nature 
and possible origin of the present day races. He reveals that the races were 
probably in the process of separation while Homo sapiens was still evolving. He 
emphatically points out that ‘‘you must comprehend the nature of race in order 
to understand its history, but you also must understand its history to understand 
its nature’’. Yet he treats very inadequately the nature of race and writes at 
great length on the history of race drawing heavily from Carleton Coon’s RACES 
OF EUROPE. This apparent inconsistency may be explained by the fact that 
the latter, being perhaps more complicated and controversial, is the less usually 
discussed aspect of race. He ends with a prophecy of man of the future. His in- 
ferences are reasonably built upon the evolutionary trends in the past, the mor- 
phology of man’s closest animal relatives — the anthropoid apes — and the re- 
mains of fossil man. 

As much of the subject matter of this book is one of interpretation, it is natural 
that I am not always in accord with the many inferences drawn and the hy- 
‘potheses set forth. To point out specific instances of disagreement would be of no 
special interest or of any real value to the reader of this review. 

MANKIND SO FAR meets a great need in presenting a biologically sound 
istory of the nature and possible origin of man and the living races. It is particu- 
larly to be recommended to the layman, to the teacher who has specialized in other 
fields but whose special subject requires just the information which is so simply, 
entertainingly, and yet so accurately given in this book, and to the funda- 
: mentalist who still thinks that if man is an animal at all, he is most superior and 
‘advanced in every way and a finished product. It is also excellent as a text or 
‘reference for a survey or non-laboratory lecture course on the evolution of man. 


Este VIAULT STEEDMAN, 
Hunter College 


A RACIAL ANALYSIS OF THE ANCIENT GREEKS: 


AN ESSAY ON THE USE OF MORPHOLOGICAL TYPES 


J. LAWRENCE ANGEL 


The Daniel Baugh Institute of Anatomy, of the Jefferson Medical College, 
Philadelphia, Pennsylwania 


THIRTEEN FIGURES 


In the following pages I propose to outline the racial history of 
sreece, to show how this history is illuminated through use of morpho- 
ogical types, and to allow this discussion to answer the question of the 
validity of such types. Elaborate analysis of a small sample of skulls 
s amply justified by the importance of clarifying the genetic makeup 
of the ancient Greeks, creators of the first civilization of Europe. 

They were the first Europeans with enough strength and individuality 
o use the cultural wealth of the urban Near East without being over- 
vhelmed by it. The Greeks, especially the Athenians, put together an 
mique culture in which grew the roots of almost every important ele- 
nent in our own society. Only in the fields of religion, law, mathe- 
natics, and such branches of material culture as dress, have any other 
»eople contributed more. As a result some knowledge of Greek his- 
ory or literature is part of the background of every educated American 
yr European. And myriads of studies in archeology, art, history, and 
inguistics have been undertaken to establish the greatness of the 
treeks or to clarify the origins of their culture. But although specula- 
ion on the makeup and origins of the creators of this culture has 
lourished, no adequate outline of their racial history has yet been 
yublished, in spite of the work of such investigators as Virchow, Fiirst, 
3reitinger, Koumaris, and Myres. Hence not only the Egyptians but 
ilso such peoples as the Eskimo or Australians are racially far better 
mown than the Greeks. The present study will partly fill this gap in 
mowledge, and will show also how necessary to a full understanding 
of Greek history is a picture of Greek racial changes during the past 5 
nillennia. 
| Except for those few of the crania published by Virchow (1872, 1891, 
nd 1893), which I was unable to remeasure, the material for this study 


329 


MERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY, VOL. 2 N.S., NO. 4 
DECEMBER, 1944 


330 J. LAWRENCE ANGEL 
was gathered in 1938 and 19391, the greater part of my time bein; 
spent in painstaking mending and restoration: for climatic and geq 
logical reasons skeletal material is as poorly preserved in Greece a 
anywhere in Europe, except for the rare skeletons submerged in ul 
changing mud of weils. Thus only about a quarter of the material 1 
in good condition.* Also the communal ossuary forms of burial 13 
vogue at various periods result in loss of faces and other breakage, ss 
that about one third of skulls totally lack faces.*? Both these factor 
complicate sexing,* and together with inevitable archeological selectioz 
of the toughest skulls they disturb both site sampling and sex ratios 
Thus the typeable skulls amount to 255 males, 132 females, and 2% 
children. No further explanation is needed for the dearth of females, 
which is the reason for concentrating on male crania in the prese 
study.® Data on the skeleton will also be omitted from this study. 

The distribution of all skulls, including fragments, is given in table 1 
They cover a relatively small geographical area centered on the ist 
mus of Corinth, and can safely be treated as a unit at all periods excep 
the beginning of the Early Iron Age, when the Cephallenians from th 
opposite, western, end of the Corinthian Gulf are treated as a separat 
group (Angel, ’43). 

As shown in table 1, the material is scattered chronologically over : 
total time span of about 4500 years, from the Neolithic to the Medieva 
periods of the archeologist and historian. In order to illuminate the 
racial changes which accompany historical developments during thi 
lapse of time I have adopted seven period subdivisions, separated fro 
each other according to statistical necessity and what I believe to bi 


*I worked in Greek museums and excavations from the end of 1937 to the spring of 1939 
through the foresight and support of Dr. E. A. Hooton and Dr. G. H. Chase of Harvard Uni 
versity, and under the auspices of Harvard and of the American School of Classical Studies a 
Athens; with the assistance and encouragement of Dr. T, L. Shear, Dr. ©. H. Morgan, Dr. 
B. Dinsmoor, Mr, B. H Hill, Dr. C.-W. Blegen, Dr. D. M. Robinson, Dr. S. Marinatos, an 
many other archeologists, as well as that of the curator of the Greek anthropological muse 
Dr. John Koumaris, to whom I am peculiarly indebted. For access to material in America 
museums I wish to thank Dr. T. D. Stewart and Dr. H. L. Shapiro. Travelling se | 
from Harvard supported the field work, and a grant from the Jefferson Medical College de 
frayed costs of publishing tables and drawings. 

* Of 255 males, 25.49% are well preserved, 53.33% fair, and 21.18% in poor condition. | 

*Of 265 males, 40.00% are crania, 27.54% ealvaria, 18.49% calvariae, 10.19% calvae, an 
3.78% odd jaws and fragments. 

*Sex criteria are objectively certain in only 69.53% of 256 males, though less than 3% of 
skulls seem of doubtful sex as far as they are preserved. 

*In sites such as the American excavations at Athens and Corinth where I have been abl 
to examine every skull exeavated, the sex ratio seems about even, though more females than 
males are unrestorable. 


* Full statistical data on females as well as males are given in Angel (’42a), table XXXIV 
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narks of cultural change, and following the accepted subdivisions of 
he historian and archeologist. These are dated as follows. Neolithic 
before 3000 to ca. 2800 B.C.) and Early Helladic (ca. 2800-2000 B.C.) 
ire taken together as the time of pre-Greek hoe-farming and local trade 
ollowing the first appearance of man in Greece so far proved. Middle 
delladic (ca. 2000-1400 B.C.) and Late Helladic I and II (1600-1400 
3.C.) are combined to form the middle bronze age which the first Greek 
mvaders are assumed to have begun and during which the cultural 
puildup occurred to the Mycenaean or Late Helladic III period (ca 
400-1150 B.C.) of widespread trade, the flowering of bronze age civili- 
jation in Greece, when the Greeks outstripped the Minoans of Crete. 
{he Submycenaean (starting ca. 1150, and earlier in Cephallenia), 
Protogeometric, Geometric, and a part of the Archaic periods (down to 


Lid FL abe he 62) I 
Geographical and chronological distribution of mainland Greek crania 


NEOLITHIC M.H.- |MYCENAEAN EARLY 
- E.H. |L.8. II | (L.H.III)IRON AGE 
ca.3000-| ca. 2000-| a.1400- | a.1200- 
2000 B.C. 1400 ca.1150 | 650 


CLASSIC | ROMAN BYZANTINE TOTAL 


DAs, 
Macedonia 5 5 
Thessaly Bh 2 2 
Boeotia Ce aie 
Attica 14778 2 713 42 8 
Corinthia Le eco, 37 20 
Argolis 53 34 2 
Arcadia al 1 
Acarnania 2 A 
Cephallenia 50. 12 
Leukas (4) (4) 
Eleusis 
undateable (52? 32?) 
Total 35 17 11/23 13 3|41 27 1/57 28 4/59 28 3/2116 2/31 10 T7e72 142 31 


'50 B.C.) are lumped together as the Early Iron Age period of Dorian 
[nd other invasions, local isolation, piracy, and eradual cultural rise 
o the Classical and early Hellenistic phase (650-146 B.C.) of extensive 
rade and colonisation, commercial immigrations, and high cultural 
‘chievements. There follow the Roman occupation period (150 B.C. to 
a. 450 A.D., including late Hellenistic and Late Roman or earliest 
Byzantine ) ane the Byzantine and Medieval periods (down to ca. 1300 
.D.) of irregularly quiescent decline together with irruptions of Visi- 
‘oths, Huns, Vandals, Avars, Slavs, Franks, Aragonese, Venetians, 
ind Norse. It is obvious at once from tables 1 and 8 that these periods 
veraging over 600 years each are too long for the small samples 
vailable, especially considering the relative brevity of the Mycenaean 
yeriod compared with the elongated phases at beginning and end of 


he sequence.” 
| 7 But there are only about 17 ancient skulls dating before ca. 2400 B.C. and after 1100 A.D. 
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"he material’s condition varies considerably from period to period. 
inia of Early Helladic, Mycenaean, and Cephallenian origin come 
m the collective burials dominant in these cultural groups and usually 
« faces wholly or partially. And material from the prehistoric 
iods in general is less well preserved than that of later date. No 
ection of modern Greek skulls is available, since the recent series 
dished by Weisbach (1881) is of Anatolian and European Turkish 
wenance, with only a few individual skulls from mainland Greece. 
jave therefore used a small group of living Greeks from the region 
und the Corinthian isthmus to predict what the probable cranial 
asurements of modern Greeks may be. 


MORPHOLOGICAL TYPES 


t is my hypothesis that really useful and dynamic description of 
h small samples as are available for the above sequence of culture 
iods is possible only through the use of morphological types, chosen 
m the total series and then plotted according to their frequencies at 
erent periods and related to the average measurements of the 


Dots show Type es,aorrows trends 


ig. 2 Scattergram of cranial index and upper facial index to show tendencies toward type 
ping and overlap. Coordinates are drawn at the level of the means of the total series, 


‘regressions have not been worked out. Because of burial conditions in Early Bronze and 
f 5 
snaean times especially more dolichocrane than brachyerane skulls lack measurable faces. 
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A Bee re Le a 
Measurements, indices, variability constants of Greek male and female total series 


MS Re ol) ES OS: FEMALES DEFINITIONS 
Bio- Martin 
Character Mean metric 
Capacity 1438.52 


Horiz.circumf. 518.38 .73 484-560 15.34 
Sagittal arc 374.46 .65 179 336-410 12.84 3.45 
Frontal arc 127.40 .33 161 110-150 6.14 4.82 
Parietal arc 128.48 .40 162 108-153 7.56 5.88 


Occipital are 118.96 .37 134 103-136 6.36 5.35 ? | 
Transverse arc 309.42 .54 185 284-343 10.86 3.51 299.22 Q 24 | 
Length. 185.16 .31 238 163-205 6.98 3.77 176.34 L L i 
Breadth 140.31 .25 243 121-154 5.79 4.13 136.32 .34 130 B 8 
Basion-brg. ht.133.19 .28 177 118-146 5.61 4.21 129.92 .36 87 Bt 7. 
Auricular ht. 116.24 .20 234 105-128 4.61 3.97 112.64 .28 116 (OH 21) | 
Min.frontal b. 96.36 .22 213 86-113 4.80 4.98 92.95 .23 101 BI 9 | 
Max.frontal B. 118.18 .34 136 191-136 5.96 5.904 113.97 .42 71 Brt lo | 
Frontal chord 112.56 .26 146 100-131 4.72 4.19 107.68 .34 81 $1! 29 | 
Parietal chord 115.30 .33 150 190-128 5.96 5.17 111.44 .42 85 Se' 30 J 
Occipital " 98.28 .34 121 83-121 5.62 5.72 93.84 .39 61 $3" 31 
Basion-nas.l. 100.52 .26 160 89-112 4.95 4.92 95.89 .32 76 5 
B-prosthion 1. 95.75 .32 125 85-109 5.23 5.46 91.22 .44 58 (GL) 40 
Frontal angle 50.41 .18 165 39- 61 3.49 50.71 .26 78 32(la) 
Facial angle 87.28 .22 128 79- 98 3.68 *86.25 .38 60 (PZ) 72 
Midfacial angle 93.20 .22 130 83-103 3.54 93.82 .34 57 i} 
Alveolar angle 69.10 .42 127 59- 96 7.90 66,64 .52 58 74 

Nasalia angle 54.74 .43 109 42- 75 6.64 55.68 .75 37 75 
Bizygomatic br.131.36 .39 1238 118-149 6.86 5.22 122.47 .46 66 J 45 
Bigonial br. 99.70 .56 81 81-117 7.44 7.46 92.90 .49 44 Wo 66 

Face height 113.89 .55 88 92-136 7.68 6.75 108.60 .73 39 GH 47 

Upper face ht. 68.38 .27 144 5e- 81 4.88 7.14 65e19) ce 68 G'H 48 

Nose height 50.18 .19 152 59="'59' 3500" (6.97, 48.25 .22 70 NH 55 

Nose breadth 24.54 .10 153 20= 29 1.89 7.70 23.39 .15 66 NB 54 

Upper nasalia 12.29 .12 192 5S- 21 2.37 18.28 12,94 .17 85 57(2 

Lower nasalia 17.93 .14 100 13- 24 2.10 12.33 16.40 .19 40 57(3 

Left orbit ht. 32.52 .13 144 24- 39 2.30 7.07 33.12 .21 67 0 52 

Right orbit ht. 32.68 .13 145 27- 39 2.28 6.98 32.94 .21 63 0 52 

Left orbit br. 39.21 .10 143 36- 44 1.82 4.64 38.90 .17 61 O'jL 5la 

Right orbit br. 39.50 .10 142 35- 43 1.84 4.66 leat sas 62 O'SR Sle 
Interorbital b. 21.57 .10 185 U6= 929) 2.1009 .74 21.02 <6 81 D 49a 
Biorbital br. 98540 «22 L5r 89-108 3.98 4.04 94551 29 59 |(I0W) 44 
Ext.palate 1, 53.41 .17 134 43- 60 2.97 5.56 50.49 22 59 Gi' 60 
Ext.palate br. 63.32 .23 119 oo= 72, S71 5.96 58.64 .32 59 EB 61 
Symphysis ht. SLO) ee LS 24- 39 3.47 11.00 29.04 .2S 54 ht 69 
Jaw length 102.86 .64 él 90-117 7.38 ToL? 97.66 S65 te} ml 68(1) 
Picondylar br. 121.868 .6€5 58 103-136 7.34 6.02 215.86 .75 ra Ww 65 
Min.remus br. Clete oko aaho £6- 38 2.28 7.56 30.18 .25 51 rb!ovla 
Jaw angle 123.40 44 92 104-141 6.26 *#126.10 .46 49 mé 79 

Cranial index Tos99 LT (254 66- 88 3.95 ¥77,42 .26 126 . . 
Length-ht." (eigen alee Salytd 59- 81 3.48 73.53 .22 86 ue 
Length-aur.ht. 62.85 .14 223 52- 72 3.07 *63,82 .17 112 Au.h./L. 
Breadth-ht. 94.89 .25 176 82-109 4.90 94.95 .37 84 B-b.h/Br. 
Breadth-aur.ht. 82.95 .17 225 73- 95 3.79 82.60 .26 111 Au.h./Br. 
Fronto-parietal 68.61 .17 £203 60- 72 3.60 68.20 .22 O77 Mn.fr/Br 
Cranio-facial CPeatene see alishy/ 79-102 3.87 *90,45 .26 65 Bz.br/Br. 
Zygo-frontal 73.34 .23 132 63- 84 3.90 *75,82 .31 60 | Mn.fr/Bz.br 
Fronto-gonial 104.54 .60 69 85-118 7.28 101.26 .61 33 | Bg.br/Mn.fr 
Zygo-gonial 76.53 .40 69 65- 87 4.98 T5655 «52 29 Bg.br/Bz.br 
Facial index 87.05 .49 ete 71-10Z 6.36 go 5cOr" 52 3 Fac h/Bz.br 
Upper faciel 52.19 .25 120 40-61 3.98 55.4% .26 57 | 0.£.5/Bz.hr 
Nasal index 49.00 .27 146 37- €6 4.79 46 Tle oe 66 N.br/N ht 

Left orbital 83.0% .34 137 63-10£ 5.98 *§7,40 .51 58 Or hnt/or br 
Interorbital eel te wll) 1S9 16- 27 1.91 £2.52 .21 3 Intor/Biobr 
Ext. paletel 118.05 .45 111 103-136 7.00 117.02 .76 50 E.p.b/E.p.1 
Stature 162.19 cm. 61 148-175 . 

Variability: ee a 

Mean V vault 4,49 177.4 16 measurements 3.96 
Mean V face 6.74 124.5 16 POETS 6.28 ae 
Mean o indices 4.72 149.1 (15 indices) 4,28 71.0 
egos o angles 5.12 25.2 6 angles) 4.82 56.5 

igma Ratio 111.15 (39) 150.31 (101.06) 68.9 (estimate) 


Age at death 39.9 years £49 31.35 years 134 
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T A BL E 2 Bets) 
Morphological observation percentages on total series of males from mainlend Greece 


Observation Observation Observation 
Age at death (249) Occiput curve (232) | Nasion depr. (218) Chin type (119) 
subadult 80 none +43 none 1.38 median 53.78 
young adult 39.37 slight 18.10 slight Paya bilateral 46.22 
middle eged 54.16 medium 61.64 medium 63.30 Ptery a 
old adult 5.22 | pronounced 19.83 | deep pain pueet hoot aga 
Asymmetry (211) Torus size (223) Nose root ht. (205) medium 44.44 
trece 41.71 none 6.28 low 11.22 marked 47.22 
cary eee poiee small 32.18 medium 56.10 very marked 5.56 
medium 25 medium 58.02 high 1.70 
pronounced 095 pronounced 8.52 very high 98 ee J 
Headform (237) Lambdoid flatng(235) | Root treadth (206) slight 38.39 
ellipsoid 18.99 none 37.02 v.narrow 2.91 medium Bigs 
ovoid 25.44 slight 45.53 narrow 29.61 pronounced 6.25 
pentagonoid 29.11 medium 16.60 medium 48.06 i ) 
rhomboid 4.64 pronounced ~85 wide 18.93 eas bite a 
eppenss aoe Besion elevation(172)| Vor wide 220 slight over 44.15 
yrsoid 5.49 dow 15.12 Bridge height (151) medium over 11.71 
spheroid ; £.11- medium 59.88 very low «66 pronounced +90 
Browridge size (225) | nigh 25.00 medium 37-09 Crowding (172) 
small 8-00 |occ. condyles ht(173) | 2th 55.63 
medium 37.55 low rea 28.23 very high 6.62 medite oe 
large 51.11 eka 49.13 Bridge breadth (151) Meeun 5 
very large 3.56 hi ct 2 narrow 32.45 eeth eruption(162) 
high 22.54 AaE incomplete 1.65 
Forehead ht. (2324) Pharyngeal fossa(163) megs um sue complete ower 
very low 3.42 nae 68.71 sete Bee MZ supprd. 22.08 
ed oes medium 22.09 Peer pees 40), Number molar cusps 
medium 49.15 dee 9.20 raig . eines 
pdgh Dale ies fossa (219) Gebaee a Cuber Lg ee 
very high 1.28 eet ae eearae con¢e-convex 37.15 eouer Te aaa 
Forehead slope (232) medium 41.55 . pars 1-45 upper M3 3.10 
none 8.62 | deep aa Uiernaaee profile ¢49)| lower Ml 4.95 
slight 30.61 a ° IE ae lower u2 4.44 
medium asseo te co enoners ee medium 22.82 lower M3 4.21 
marked 14.65 madden 49.11 pronounced  =-67 | reeth quality (167) 
very marked 43 eae z.zg | Nasal sills (157) very poor 1.20 
Metopic suture (234) | puditory neatus(228) eoRe 4.46 poor 2.39 
ore 88.03 ana 11.84 dull 16.56 medium 22.75 
trace 9.40 ovel 49.56 — ate good 49.71 
complete 2.57 ; . < sharp 61.21 excellent 23.95 
elliptical 37.72 Syma i (141) 
Postorb.constr.(z26) | slit 88 Pees ee ane, ) eee eee: (169) 
sen ead 19.47 Jorpit form (183) small 31.91 | Siig oes 
medium 69.03 But 28.80 eae 46.81 slight 25.08 
pronounced 11.50 aiere 9.84 large 18.44 ieioe 45.56 
Frontal tosses (231) | rhomboid 43.16 5 marked 26.65 
smell 85-25 | eilipse ipo) | eaeeecnse’ fn Sasa dara renee 
pase “24 orbit slope (164) hyperbolic 9.21 gy gh NRcUe se 
large 4.58 4.35 elliptical 25.00 pbseue So 
2 2 = none ‘ nly ee present 61.28 
Parietal bosses(238) | slight 43.48 small UD 12.50 ‘ 
small 35.59 medium 47.28 large U 6.58 Shovel incisors(67) 
rim ot Be pronounced 4.89 Palate height (153) seed pe 
aree f Cheekbones (170) low 14.38 mediun 19.40 
Sagittal crest (235) | small 15.88 medium 48.37 Teeth loss (107) 
slight 24.69 medium 66.47 high 35.98 0 35. 
a tae large 17.65 very high 3.27 1-4 33.64 
marked 64 
woe Alveolar prognatnism | 5 - 3 15.90 
very marked 2.13 patoret prosern) palate(14s) jaw(114) |. 9.-.16 8140 
Temporal bulge (226) | medium 59.06 none 65.07 35.96 | 17 - x 6.54 
flet 6.26 eanked 15.21 slight 26.03 48.25 |Abscesses (197) 
erreht 49.58 medium 8.90 14.91 | 0 50.47 
mecium 29.40 Anterior marked 0 68 | 1=3 49.53 
pronounced 4.66 projection (169) Chin projection(121) |Teeth caries (106) 
Mastoid size (230) he ea re negative 1.65 9 55.66 
o medium . neutral Pe 7L 1-4 41.51 
small 1.74 marked 7.69 slight 38.84 Hoe 2.83 
medium 53.48 ai 27.19 9 
large 44.78 neem Bec aie o 
pronounced 6.61 


Note : the standard for all non-specific morphological observations is the modern 
udalt male nortnsest European. Since the above percentage frequencies form the basis 
for estimating the morphological deviations of tne six types from the total series, 
Table Ila may be referred to in interpreting Table IV. Crani2 alone were used in 
calculating Teetn loss before death, Alveolar abscesses, and Teeth caries. Note also 
thet males and feueles were pooled for calculating the mean number of molar cusps. 
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periods.* To find out for himself the value of this method, which wg 
first worked out by Hooton (’30), the reader may study careful 
tables 8 and 9, correlate them with the known population shifts a 
environmental changes in Greece to gain some picture of the fore 
responsible for racial changes there and of the nature of these racia 
changes, and then compare his results with those reached through us 
of types. 

Because of scattered museum distribution of the material the on 
method of type selection available (based on Hooton, 30, pp. 185-186 
was to mount from four to six carefully standardised photographs 
each skull all enlarged to exact scale on a single card, so that simu} 
taneous comparison of all norms of each skull with the others wa 
possible. Repeated sorting and grouping together of those skulls whic; 
seemed most nearly identical allowed easy assembly of twenty-thre 
‘‘mutual resemblance subgroups’’ of ten to twelve skulls each.® By a 
extension of the same process with minimal use of measurements thes 
subgroups were combined into six morphological types. These shoy 
real approximation to the impressionistic typing done hastily in tl 
field.1° They are obvious genetic composites, and they overlap one a 
other metrically as shown in figures 1 and 2 just like any pot-pourri ¢ 
geographical races. 

But the success of selection of the six types is shown by their clea 
cut separation from the total series of Greek males illustrated by fig 
ures 3 to 10, and by tables 2, 3, and 4 containing the basic data fron 
which the sketches were made. The types’ validity will be clear in thei 
homogeneity, greater than that of either the total series or the averag| 
period group, the average Sigma Ratios (Howells, ’41, pp. 146-147) 
being 98.95 contrasted with 111.15 and 107.01 respectively for type 


*Up to 39 measurements and 119 observations were made on each skull, depending on it 
completeness. I used the technique of the anthropology laboratory of the Peabody Museum 
under Dr. E. A. Hooton. Measurements are precisely defined by R. Martin’s (?28) number 
and by the Biometric School’s symbols listed in table 2, except for those in parentheses 
auricular height is taken to vertex, and a point on the upper surface of the nasal spine i 
substituted for Martin’s nasospinale for facial angles (Angel, ’43, p. 231). 

*In this process I was assisted by sortings by Prof. E. A. Hooton, and by critical comment 
from Drs. C. 8. Coon, C. C. Seltzer, A. Brues, J. B. Birdsell, S. L. Washburn, C. K. M. Kluce 
hohn, and other anthropologists. | 

* Field typing was suggested in the first place not so much by previous speculations or b 
the archeologists’ requests for useful descriptions of the Dorians or other contributors to t 
Greck people as by two subjective impressions: first, that certain sites had been inhabited b 
a bewilderingly heterogeneous population (compare Koumaris, ’31, and Breitinger, 739); se 
ond, that at some sites ‘‘family’’ resemblances could be detected in spite of heterogeneit 
(compare Furst in Wace, 732, and Angel, 739), so that certain recurrent trait combination 
seemed to give subtle similarity to groups millennia apart. | 

| 
| 
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ontrasted with total series and period groups; and in their metric 
\pproximations to non-Greek series representing recognized ‘‘racial’’ 
rends within the white race, as seen in figures 11 and 12, and in table 
/ compared with table 5. The types’ usefulness will be shown in the 
ecuracy of their predictions of average measurements of period sam- 
»les, as shown in tables 7, 8, and 9, and in the vividness of the picture 
f population changes which they give in figure 13 and table 6. 


RRR MAY 
\avalo gut’! 
OE 


Total Series 


| Fig. 3 Sketch drawing of the average ancient Greek male, based accurately on measure- 
ents, morphological observation percentages, and photographs. Exact following of measure- 
‘ents creates a diagraphic or flat perspective, lacking foreshortening. 


Classic 


Fig. 4 The average Greek of the Classical period. 


| So great is the phaenotypic racial continuity of the Greek people in 
neient times (and probably down to the present day) that the average 
neient Greek male defined by the total series in table 2 may well stand 
or ancient Greece as a whole as well as for the standard of comparison 
or the six types. 

' The average ancient Greek has a skull vault of average size and 
yedian proportions tending toward long-headedness, with relatively 
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long parietals. Well-marked browridges set off a relatively low, broad 
smooth forehead without much slope. The well-filled and smoot} 
parietals are rounded except on top, but show rather flat sidewalls, an| 
in profile a consistent though slight flattening of the obelion-lambd| 
region leads down to the evenly rounded occipital, whose nuchal muse | 
markings are unimpressive in contrast with the mastoids and supra 
mastoid crests. The skull base shows relatively sharply cut relief 1 
contrast to the vault, with high projection of basion, deep glenoid fossé 
strong pterygoid plates. The face of the average ancient Greek is muc! 
more characteristic because of its striking lowness, especially in th 
subnasal section, accentuated by broad jowls. Low, angular, and rel 
tively level orbits are linked with robust and uncompressed cheekbones 
The mesorrhine nose is capacious, with unimpressive spine but hig! 
and narrow bony root and bridge which combine with a weak nasio 
depression to give some degree of forehead-nose profile continuity 1 
23.5% of cases. The mouth region is rarely protrusive and the face ij 
typically orthognathous. A broad and high-arched palate correspond 
to a broad but shallow jaw with robust pterygoid and masseter impres 
sions and a chin not notably protrusive by modern northwest Europeai 
standards. The most striking feature of the face, its excessive breadt] 
at the gonial angles, gives it a square outline in front view. Teeth ar 
good, with medium wear, little or no crowding, relatively few caries 0} 
abscesses, a frequent labiodont bite, slight shovel incisors, and som: 
tendency toward suppression and reduction of the third molar. Thesj 
are the salient features of ancient Greeks by modern northwest Euro 
pean or American standards." 


The sex differences shown in table 2a are about average for Euro 
peans both morphologically and metrically (compare Borovansky, 36) 
the size difference being greater than among Palestinians or Heyptian: 
and less than among north Europeans (Risdon, ’39, Schreiner, ’39). Th 
table 2a significance is indicated only for features more or less wu 
affected by the size difference between the sexes. Statistically signifi 
cant female leptoprosopy is perhaps unexpected, but fits logically wit 
the greater facial constriction, large high orbits, narrower mouth and 
greater prognathism of the females. 

Female variability is 90.92% of the colossal variability of the mak 
total series, and is thus somewhat lower than expected ( compare 


“Compared to medieval Norwegians from Oslo (Schreiner, ’39), representing north Eu 
ropeans, ancient Greeks show in addition to their generally smaller size: relatively highe 
vault, longer parietals; relatively smaller, lower, narrower-jowled, and more orthognathous face 
with relatively broader nose, lower orbits, and shallower jaw with less square angles. 
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chreiner, ’39, pp. 123-129), probably because of the smaller sample 
‘females. From the opposite point of view the male variability may 
2 relatively raised because skulls of more male than female invaders 
ito Greece may conceivably be included in the sample. Certainly the 
igh male variability can be shown to reflect a great heterogeneity of 
rpe, as the type descriptions will make clear. And though the types are 


lype A 


Fig. 5 The Basie White type (type A), based on measurements in table 3, on observations, 
id on photographs, with statistically significant morphological distinctions from the total 
ies (see fig. 3) slightly exaggerated for emphasis. 


Fig. 6 The Classic Mediterranean (type B), emphasizing gracility. 


most as clear among females as among males, the smaller female 
ries makes it much harder to test them statistically and female crania 
re omitted from this study. 

Since the various characteristics of each type are fully set out in 
bles 3-5 and figures 3-12, no over-elaborate validation of each type 
-necessary. But a short cteh of each type and some mention of the 
‘ends of variation within each type are both necessary for an under- 
anding of the sequence of racial changes in Greece as interpreted 
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here. The types are lettered in the order of their frequency of occul 
rence from A through F, and the sub-trends within each type have be« 
numbered as seen in figure 13. It may be easier for the reader to sty 
to their names and ignore the letters and numbers. The types will nh 
be described in the order of their frequency but in the order of the 
morphological resemblances to one another: A, B, D, F, EH, C. 


acts 


Fig. 7 The Nordic-Iranian (type D). Note rectangular face. 


I 
I 
q 
\ 


Fig. 8 The Dinaric-Mediterranean (type F) to show contrasting Alpinoid traits combini 
with dolichocrane features as seen in figures 5, 6, and 7. Note elongated hexagonal face. 


to a Galley Hill or Combe Capelle form than to linear-faced, more le 
torrhine Atlanto-Mediterranean or Eurafrican varieties of the whi 
race. The long and rather low skull is large and rugged, with a surfae 
made up of flat planes whose angular junctions give an ill-filled appea 
ance and a pentagonoid norma verticalis. Heavy browridges proje 
below the low, receding, and relatively broad forehead, and emphasiz 
its postorbital constriction. Angularity shows in the gabled vault and 


Type A is called Basic White because it seems to me a little a 
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he flattened lambdoid region combined with markedly curved occipital 
one. The face is relatively low, though the total face height is probably 
to 5mm. lower than a larger sample would show, and the jowl breadth 
s striking. Rectangular orbits bounded by robust cheekbones, a short 
ose marked by straight nasal bones deeply recessed at nasion and by 
veak spine and dull sills, a well-squared palate, strong teeth, and a 


Fig. 9 The Mixed Alpine (type E), to show virtually Alpine morphology combined with 
bsolutely long skull vault. 


Fig. 10 The Alpine (type C), round-headed and low-faced. 


obust jaw with fairly deep and strong chin all give the face a robusticity 
vhich approaches coarseness. 

| The Basic White type is definitely composite ” as its slightly raised 
aean variability (Sigma Ratio) indicates, excess variability being con- 


; 2 It includes five of the original ‘‘mutual resemblance subgroups’’: A 1, the linear Megalithic 
rend toward a longer, higher, more compressed, ill-filled, and gabled vault, with high, narrow- 
osed, long-jawed face; A 2, a cruder version of this; A 3 and A 5, respectively more rounded 
nd more angular central] subgroups of Basie White; and A 4, an unusually low-headed and 
quat-faced variant, chaemeconch, chaemerrhine, with flat vertex, protruding occiput, and 
pmetimes a high-arched bony nose. 


\ 
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fined to vertical dimensions of the vault and face, palate breadth, th 
affected indices, and the facial angles. With the present sample Basi 
White compositeness is unavoidable, and though the type is sharpl 
set apart from the total series its comparisons with outside series ar 
somewhat weakened, partly because these have to be chosen to repré 
sent the long-faced as well as the disharmonic, ‘‘Cro-Magnon”’’, var: 
ants of Hurafrican — Megalithic — Atlanto-Mediterranean trends i. 
the white race. 

In spite of this, the Basic White type’s close similarities to Siculan 
(Giuffrida-Ruggeri, ’01, ’05) shown in figure 11, and probably also t: 
Chalcolithic Palestinians from Megiddo (Hrdliéka, ’38) establish it 
validity, which is supported by adequate similarities with Chalcolithil 
Sardinians (Sergi, ’07) and with Neolithic type British (Morant, ’26 
especially when virtual identities between individual skulls and t 
compositeness of Morant’s series are considered. But both Sardinia 
and Neolithic British have narrower noses than Greek Basic White 
Comparisons with the non-brachycrane segment of the Swedish Ned 
lithic sample (Coon, ’39, p. 659, table 18, after Retzius, ’00, and Fiirs 
12), noted also by Fiirst (’30), and with third millennium B.C. sout 
Mesopotamians (Keith, ’27, Buxton, ’24, Buxton and Rice, ’31, an 
Penniman, ’34) are both poor because of the high vaults and high 
linear, faces of these groups, resulting plausibly from ‘‘Corded Nordic 
and ‘‘Tranian’’ influence respectively in Sweden and in Sumeria. Th 
breadth of these comparisons stresses the plausible geographic contir 
uity of a Megalithic-Basic White type from the Levant via Spain t 
Great Britain, with further extensions at either end (Coon, ’39, p. 128) 
This indicates for Greek Basic Whites a maritime origin perhap 
eventually from the coast between southern Anatolia and southert 
Palestine (Angel, ’43, pp. 252-253), though present ignorance of th! 
mesolithic population just east of the Balkans (compare Coon, 7395 : 
68) may obscure a secondary source for a section of Basic Whites. 

Type B, the paedomorphic Classic Mediterranean type of Serg 
(701), is notable for its small size and gracility. The barely dolichooredl 
vault is small-based, with a relatively low, vertical, and narrow fore 
head, and large parietal bosses which emphasize pentagonoid outline: 
in both normae verticalis and occipitalis. The parietals are long, the 
occiput is sharply bent and projecting above unimpressive nucha. 
muscle ridges, and the basion region is prominent. The narrow, lepto: 
prosopic, face approaches an inverted triangle outline. Square anc 
relatively horizontal orbits are enclosed delicately by small and com. 
pressed cheekbones, and squeeze a narrow nose with low root, relativels 
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smooth nasion region, and weak nasal spine. A laterally pinched mouth 
region definitely shows a slight trend toward prognathism, and fits the 
weak and compressed jaw whose neat pointed chin is shallow. The ef- 
fect of weakness is increased by combination of a definite overbite with 
the alveolar prognathism, apparently correlated also with a subnormal 
egree of teeth wear. In spite of its gracility the Mediterranean type 
does not include wrongly sexed female skulls: gracile males are com- 
non in modern Mediterranean populations. 

The Classic Mediterranean type is homogeneous,’’ though its small 
size tends to overdepress the Sigma Ratio and the Vs show excess 
variability in vault height, orbit height, and chin height. 

The type is strikingly similar to ancient Libyans (Derry, ’27) and to 
modern Sicilians (Morant, ’28, after Mondio, 1897). Upper Egyptian 
Badarians (Morant, ’35, after Stoessiger and Derry) differ more, chiefly 
in their extreme narrowness, greater vault height, longer frontal bone, 
wider nose and interorbital space, and deeper and narrower jaw with 
ac ramus, epitomizing the uniform differences between Egyptian 
and European Mediterranean groups. Modern Spaniards (d’Aranzadi 
and Hoyos Sainz, ’13) are slightly larger-skulled and are longer-faced 
‘han the Greek Mediterranean type. But some of the later, less ade- 
yuately measured, series from Dynastic Upper Egypt (Morant, 725, 
after Broca, Chantre, and Thomson and Maclver) appear closer. These 
Fomparisons suggest a North African and Egyptian origin for the 
“lassie Mediterranean type in Greece, but should not obscure the fact 
‘hat in most places both gracile and rugged varieties of Mediterranean 
ire associated, in varying proportions. 
| For this reason a comparison with other groups of a composite 
|‘Mediterranean’’ series made up of type A plus B is logical. Here 
Gower Egyptians of dynasties XXVI-XXX (Pearson and Davin, ’24, 
Martin, ’36) are too mesocranic and too high-faced for close compari- 
son, and even a south Palestinian Iron Age population from Lachish 
‘Tell Duweir) containing a respectable proportion of Upper Egyptian 
‘olonists (Risdon, ’39) is not strikingly similar to the Greek composite 
Mediterraneans. But Minoan Cretans (Duckworth, 713, von Luschan, 
113) show a reasonably close resemblance which a checking of Duck- 
‘orth’s mutually discrepant skull heights on a better sample might 
make more striking. This Minoan similarity extends to the low face 
-haracteristic in Greece (compare Angel, ’43, p. 251), and hence must 


Variants B1, 2, 3 are the ovoid, angular, ellipsoid vault trends noted by Sergi, and B 4 is 


. more linear variant. 
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Measurements, indices, variability ratings of six male norphological tyoes for 


Character 


Frontal are 


Nose height 


Nasal index 


J. LAWRENCE ANGEL 


Teg Av re: Ly 


Nordic-Tranian | 


eee A EAYa Pee B TY PE D 
Basie White Classic 
Mediterranean 

ae? * | 1854.41 Tae as 
Calculated capacity 1467.65 ° cose) > 
Horizontal circumference *525.73 1.33 45 *506,83 *525.92 1.56 
Sagittal Arc *Z81.24 1.30 35 *366.67 *381.58 1.13 

*129.50 -75 32 #1234 pee #38 
Parietal arc 128.98 -76 36 129.00 29.6 ° 
Occipital are 120.29 88 27 116.06 *123.19 70 
Transverse arc B07elS Lele 39 *312.57 1.02 
Cranial length #191.07 249 56 * a 243 
Cranial Bresath 139.54 45 57 149.39 249 
Basion-bregma height 133.19 -61 36 *165.03 +62 
Aurtcular neignt 116.22 46 50 117.64 241 
Mininun frontal breadth 97.28 238 43 #972753 45 
Maximum frontal breadta 117.64 -69 28 118.14 64 
Frontal chord *114.17 -54 30 113.83 +47 
Parietal chord 116.55 259 36 116.62 80 
Occipital chord 99.19 de) 26 *101.46 54 
Basion-nasion length 102.47 20D «(82 102.67 +58 
Basion-prostnion length 98.87 9 16 *97.36 56 
Frontal angle 50.99 -38 34 49.11 042 
Facial profile angle 86.37 67 16 *86.09 234 
Midfacial angle 93.61 54 18 92.30 +36 
Alveolar angle 66.99 1.33 15 69.31 69 
Nasalia proflle angle 54.50 1.27 17 *51.96 66 
Bizygomatic breadth 132.52 ones) 2k #125.45 -56 24 131.55 255 
Bigonial breadta aleyaay (sy Alarete) fe 3.5 1543 sl: 3 1.91 
Total face height 109.17 2.46 6 See elas wld! *118.12 95 
Upper face height 67.95 -83 19 *66.67 -58 3 *71.08 53 

*48,92 243 22 49,21 233 33 *51.97 42 
Nose breadth 24.95 cDenee 23.89 el” Si! 24.78 229 
Upper nasalia breadta 1251 ze 39 12.09 -29 44 12.22 o27 
Lower nasalia breadta 18.11 +538 3 16.43 «25 25. 17.09 30 
Left orbit height 32.24 2ok 25 32.15 28 31 32.79 224 
Rigit orbit height $2.19 037 21 32.41 -25 34 33.11 +24 
Left orbit breadth 38.65 oT, 25 *38,12 ol? 33 39.63 21 
Right orbit breadtn 39.33 eco Si #38243 olf (35 39.74 +24 
Interorbital breadta 22.03 e2l 35 20.7 17 421 21.61 Aa 
Biorbital breadth *99.85 43 26 *95.81 -36 32 98.62 -50 
External palate length 53.67 «29 «21 52.43 -35 27 54.68 034 
External palate breadth 63.77 2538 22 *60.77 34 22 64.93 37 
Sympnysis height mandible 32.99 74 9 30.99 +49 2% 32.93 +38 
Condylo-symphysis length 102.50 2.77 4 99290) S20) 10) 104.12 92 
Bicondylar breadth 125.13 2.00 3 ¥115.41 1.32 11 124.64 1.17 
Minimum breadth asc.ramus 31.87 36 8 31.35 -33 25 31.86 31 
Mandibular ramus angle 124.50 1.83 i? 122.94 1.03 18 22695: 61 
Cranial index #73.23 ScOmnoD *74.55 025 54 *74.08 225 
Length-height index *69,8) 34 36 UEDA) -35 42 71.69 233 
Length-auricular ht.index *60,67 «28 48 62.33 e2e 52 62.27 225 
Breadth-height index CERES) 53 35 #96.33 -52 42 *96.28 253 
Breadth-auricular ht. " 83.60 233 «(49 *83.95 -30 54 *83.97 40 
Fronto-parietal index 69.87 235 43 68.73 -30 46 *69.55 259 
Cranio-facial index #94 .55 -65 20 92.37 247 24 93.37 229 
Zygo-frontal index 73.39 257 #19 73.71 744 24 *74.49 42 
Fronto-gonial index 105.90 2.92 5 102.37 U7t 8 106.70 1.16 
Zygo-gornlal index Ui<59) Vdd 5 76.07 1.59 ie 79.34 19 
Facial index 83.90 2.36 5 89.25 2.04 8 90.33 +73 
Upper facial index 51.03 78 15 52.79 -50 21 *54.25 40 

Siisis) -80 20 48.39 252 31 48.13 47 

Left orbital index 83.54 285 22 84.97 -79 30 83,56 257 
External palatal index 7219.39 1.19 20 114.89 -935 20 117.43 +64 
Reconstructed stature 165.43 cm. “ef 161.26 ca. 4 163.85 cn. 
Deviations from total series 
in 38 measurements 1.53 mm. 2.683 mm. 1.69 mm. 
in 23 indices 1.40 +94 1.14 
Mean % of total series 
variability constants 98.07 IIS) 90.93 30.3 85.92 
Mean Sigma Ratio (N> 14) 104.06 (32) 40.7 cece (Gis) eae 99.99 (38) 


Note : 


values deviating from the total series by 2.50- 


2.99 x p.e. are starred, by | 


32.5 
34.2 


tACIAL ANALYSIS OF ANCIENT GREEKS 


pI Ae ie ge 
contrast with totel series of mainland Greeks dating from before 3000 B.C.- 1200 A.D. 


TYP F 
Dinaric-Mediterranean 


Te Pee E 
Mixed Alpine 


TYPES A& B 
Composite 


Mean Mean 


1446.73 * 1493.99 * 1411.93 
*510.87 2.20 16 *528.04 2.09 23 516.30 
2368.65 2.16 16 377-71 1.35 221 378.95 
126.33 .77 12 130.50 1.08 21 126.92 .85 24 126.45 
128.59 1.00 12 127 2a7) eis) et 126.25 .83 24 128.99 
118.68 1.42 11 148,62 S76! 7: *114.59 .86 22 113.13 
309.88 1.20 17 *317,23 1.33 21 *313.00 1.47 30 304.55 
181.74 .78 19 186.09 .63 29 *177.65 .54 37 186.45 
142.56 .55 18 *144,56 .55 27 *144.8 56 39 137.41 
135.37 .86 16 134.11 .84 18 Wye AC) 5) 132.12 
117.42 .58 19 *117.83 .58 26 Tate SAisah S67? 114.87 
95.18 .61 17 *99.90 .72 26 97.00 .47 34 95.26 
137.29 3-57 9 *125.62 1.99 16 *120.638 .72 22 115.88 
232,24. 457 412 *114.83 .85 18 umes yall tp 111.65 
114.33 .84 12 114.06 1.99 18 112.33 .74 23 115.89 
98.57 1.06 12 99.07 .S6 14 *94.80 .50 20 97.76 
100.80 .74 15 103.43 .82 14 *97.65 .45 26 109.24 
96.00 62 15 95.00 1.09 9 93.21 .S7 24 96.33 
50.71 .44 17 51.71 .96 14 51.14 .41 29 50.37 
87.00 .54 17 88.70 1.96 10 87.42 .42 26 86.22 
92,27 .61 17 *95.50 .96 10 93.50 .39 26 93.28 
¥72.33 1.15 17 68.10 1.95 10 69.17 .51 24 67.30 
56.50 1.40 14 Sea yer iso6.) 3 #58.79 1.14 21 54.78 
133.89 1.98 1 133.62 .86 16 133.99 .84 25 128.99 
97.235 1.37 11 99.39 1.10 9 99.83 1.27 21 98.23 
116.57 .45 14 109.70 1.34 19 109.83 1.15 21 110.75 
*71,.68 .51 19 67.08 .66 12 *65.81 .58 27 66.86 
i 13 49.43 .54 14 49.14 .41 28 49.07 
13 24.57 .45 14 24.64 .26 28 24.37 
18 ep yan ee IPeAB eon ou 12.25 
13 17.54 .64 11 Hs) hee BR ee? 
15 ZOoAG Meese mas, S251 sO 626 32.29 
17 32.71 .30 14 32.56 .29 27 32.30 
15 *40.21 .41 14 Gos ieee 38.39 
16 40,57 .33 14 39.92 .21 24 38.83 
12 21.90 .30 20 21.88 .26 33 21.37 
17 99.47 .65 17 99.16 .48 25 97.83 
17 55.00 .57 10 S1s%4 349) 25 53.08 
17 *66.29 1.99 7 63.20 .79 20 62.27 
16 30.90 .83 10 30.48 .42 25 31.50 
7 104.79 1.40 7 101.25 1.27 16 101.20 
7 125,64 41.31 97 122223 1.54 15 119.27 
15 *30.62 .31 21 31.62 
13 121.30 .96 20 123.72 
#78.61 .27 18 *81,77 .34 37 73.89 
74.21 .37 16 74.84 .38 29 70.95 
64.55 .34 19 *65,98 .33 34 61.52 
94.75 .45 16 *91,.40 .54 29 96.16 
82.90 .28 18 *80.58 .34 36 83.77 
66.50 .68 16 *66,.72 .36 32 69.32 
93.68 .60 17 *91.26 .55 25 93.36 
7.00 .58 16 72.07 .42 23 73.55 
104.83 1.41 9 103.34 1.12 19 104.13 
74.80 1.01 10 75254 uet2 19 16.79 
69.29 .79 14 *82,50 .88 19 86.58 
53.23 .41 18 *49.54 .46 24 51.70 
¥46,92 .61 19 50.29 .62 28 49.97 
64.50. 1.21 15 82.50 .70 24 83.80 
118.62 1.91 16 *121.28 117.05 
162.37 cm. 6 161.85 159.62 162.35 em. 
1.31 mm. 1.99 1.95 mo. 
1.26 1.36 1.86 
86.66 ? 15.3 (96.78) 92.88 25.6 


94.10 (16) 22.1 105.32 (39) 26.2 


3.90-3.99 x p-e. underlined, by 4.00 or more x p.e. both starred and underlined. 


ie) 
Or 
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Ue -) HS 
Type descriptions, based on metric and morphological deviations from total series ; 
Tit etree A Bi Gee 3h), B 
Basic White (Rugged Classic Mediterranean 
Deviations: Mediterranean : 
Signi- metric 11.37 % 52.28 
fic- indicial 31.25 % 18.75 % 
ant morphological 29.79 % 39.36 & 


Mean age 39.7 years (56) 
Skull vault Rugged, easy to sex. 
description Large, long, long-based 
Dolichocrane,low rel. 
to length;wide frontal 
rel. to breadth. 
Lack of crania. 


Headform Pentagonoid 

Browridges Heavy.*8.3% continuous 

Forehead Low, sloping, & con- 

& frontal stricted forehead,with 
small bosses. 

Parietal Angular and crested 

Temporal Much f d 

Mastoids Large and massive 

Occinital Well-curved, with 
lambdoid flattening 

Base Low occipital condyles, 
and medium-deep 
pharyngeal fossa 

Face Medium size.Deep jaws. 


description Variably low-faced, 
broad-jowled. 
Short-nosed. 
Trapezoid 

Concave 


Outline 
Profile 


Orbits Oblong 

Cheekbones Large and rugged 
Nasion depr.Deep 

Nose Coarse : straignat 
profile;*biunt sills 
& small nasal spine 
Large U outline. Torus 
rounded.*Slight 
alveolar prognathisn 


Palate 


Mandible 
and 
teeth 


Edge bite.Lack of pyo- 
rrhea.Bieg low third 
motes (ose 4 cusps 
Al 'Ubaid,Mesopotamia: 
176.84 % 
Kish A & Y graves,Meso- 
potania: 216.40 % 
Chalcolithic Megiddo, 
Palestine 86.87 £2 
Siculans, N.C.Sicily: 
74.09 & 
Chalcolitaic Sardinians: 
100.30 % 
Neolithic type, Great 
Britain: 107.94 & 
Swedish Neolithic long- 
heads: 147.17 
( Type D, Greece: 
92.83 %) 


Mean 
"Deviation 
ratio" 


38.3 years (58) 


Gracile, light, hard to 
sex. Small,with narrow 
base.Just dolichocrane, 
with rel.long parietals 
35.01% of sagittal arc. 
Excess of calvaria 
Pentagonoid 


Small _to medium 

Low, erect, and 

narrow forehead : 
paedomorpnic,. 

Angular : biz bosses 
Flattened 

Medium-small 

Sharply bent, with 
weak inion and torus 
High basion.Thin tymp- 
anic plate, small post- 
glenoid.*Weak pharyng.f 


Small & compressed,with 
narrow nose & snallow 
mandible. Narrowed 
taroughout. 

Inverted triangular 


High, square, horizontal 
Small,weak, compressed 
Slight 

Small & narrow. Low 
root & wavy profile. 
Weak nasal spine 
Narrowed, with slight 
alveolar prognathnisn 


bite, and slight degree 
of teeth wear 


Badarians,Upper Egypt: 


131.70 % 
Siwah Libyans: 
67.86 % 
"Modern" Sicilians: 
73.82 % 
"Modern" Spanish: 
140.36 & 


From A & B composite 


Gizeh, Lower Egypt: 
160.83 % 
Lachish, S.Palestine: 
120.71 % 
Minoan Cretans: 
116.74 % 


TS 7 Pee D 

Nordic-Iranian 
31.81 &% 
31.25 % 
35.11 4 


41.0 years (46) 


Muscular, heavy, easy to 
sex. Large,long, high, 
long-based, with deep 
occiput. Dolicho, with 
rel.long occipital 32.3% 
Excess of crania 
Ellipsoid & ovoid 


Large. Strong glabella 
Rececing, fairly high 
forehead,wita *median 
ridge. Tilted frontal. 
Full : weak bosses 
Slightly flattened 
Large and rugged 
Full and deep curve, 
full lambda, big torus 
Deep glenoid fossa and 
arse postelenoid 
process 


Big _& high,with large 
nose and long palate. 
Hign-faced & broad- 
Jowled,. 

Rectangular 


*Convex 


Drooping 

Large and *slablike 
Medium 

Long_nose. High root & 
projecting bridge; con- 
cavo-convex. Big spine. 


chin.*Everted angles. 
Upper third molar 
reduced (4-4-2 excess) 
Tepe Hissar, N. Iran: 
148.57 % 
Bajuvars,Reinengrdber, 
Bavaria: 52.28 % 
Anglo-Saxons,E.Anglia: 
Los.31 2 


Gallen monks,C.Ireland: 
113.63 @ 


( Type A, Greece: 
99.71 #) 


Note : characteristics deviating from those of the total series by 2.50-2.99 x p.e. 


where 
Np the N of the total series minus 


p is the percent occurrence of the morphological feature 


n 


in the total series, 


( Yule and Kendall,'37,p.361 ). Mean Deviation 


of outside series from types as nencentaces of types' deviations from the total series 


the metric and indicial ratios so obtained. 


Genetic and growth correlations between 


RACIAL ANALYSIS OF ANCIENT GREEKS 


ig AY 


with types' deviations from outside series as percentages of those from total series 


De eG Ves a F 
Dinaric-Mediterranean 
9.09 % 
25.00 & 
13.83 % 


36.2 years (20) 


Well-modelled. Medium 
size, and short. 
Narrow-based. High meso- 
crane; high rel. to l., 
narrow frontal, & short 


occiput.Excess of crania. 
Byrsoid tesspencia) 
Medium 


*Sloping and flat-curved 
forehead, markedly 


constricted 
Full. Postcoronal dip 
Medium fullness 
*Medium-large, and long 
Slight bend, with flat 
cerebellar region. 
High condyles & basion. 
Shallow glenoid fossa,& 
elliptical audit.meatus. 


Large,with long nose & 
p_jaws. Relatively 

broad-cheeked cpd. to 

pinched forehead 

Long _hexagonal 

Straight 


Big, rhomboid,*sloping 
Large and *flaring 
Slight 

Long and *narrow-bridged. 
Classic profile. 

Small lacrimal foramen. 
High-arched. *Well- 
preserved alveolae, but 


crowded teeth. 


Long jaw, with open and 
*everted angles,deep chin. 
Lack of teeth loss. 
*Slight shovel incisors & 
*Excess of 4-4-4 cusps. 


Sakkarah, Lower Egypt,Dyn- 


asty IV: 102.23 % ? 
Sedment, Lower Egypt, IX: 
141.72 % 
Thebes, Lower Egypt, XVIII- 
XXI: 111.55 % 
Bronze Age Cypriotes: 
154.46 % 
Ophrynion, Roman Troad: 
127.89 @ 
"Modern"Greeks,Anatolia- 
Thrace: 106.26 % 
"Modern"Serbs and Croats: 
122.26 % 
"Modern"Slovenes: 
127.46 % 


are starred, by 3.00 x p.e. 


q is 100 minus p, ny 
Ratio is obtained by takin 


Cee Paes E 
Mixed Alpine 


18.18 @ 
12.50 & 
9.57 % 


39.9 years (26) 


Smooth-surfaced. Large, 
broad, long-based,with 
large frontal. Mesocrane, 
with rel. long frontal 
(34.68%). Otherwise 
intermediate. 

Varied 


Medium 
High,vertical, & wide 
forehead: no constriction, 
and large bosses 
*Full. Flat at obelion. 
Well-filled 
Medium and weak 
Medium-slight curve. 
*Weak inion 
Lowish condyles.Rounded 
auditory meatus, with 
thick tympanic plate 


Medium size, with wide 
orbits. Low-faced, with 
weak jowls. Otherwise 
intermediate 

Inverted trapezoid 
Retreating 


Low, broad, rhomboid 
Weak lateral projection 
Medium 

Low-bridged nose, with 
*high root. *Sharp sills 


Lowish and *capacious 
palate, with lump torus. 


Wide and delicate jaw, 
with open angles. 
*Good teeth, and an 
overbite 


Scyths of Bessarabia: 
121.08 % 
Illyrians of Carniola: 
111.38 @ 
Etrusco-Romans, Tarquinia: 
89.71 & 
"Modern" Basques, Guipuz- 
123.18 % 
Guanche of Canary isles: 
113.59 % 
Merovingian Franks of N. 
France: 100.39 % 


or more underlined. 


Probable Error is .67449 


is-the N of the type subgroup, and n 
g separately the mean metric and mean indicial deviations 


Alpine 


29.54 % 
50.00 % 
10.64 % 


41.8 years (43) 


Variable ruggedness. Medium 
size. Short & broad, and 
short-based. Brachycrane; 
high rel. to 1., low rel. to 
br. Short parietals and 
occiput.Excess of crania. 
Qvoid, sphenojid, spheroid 


Medium 
Broad and full forehead, 
of variable height 


Well-filled 

Bulging. *X pterion. 
Medium 

Flat curve, and strong 


torus 

*Depressed basion. Slight 
thickening of tympanic 
plate 


Smal] _size,low, short, 
witn short palate. 
Low-faced, with rel. 
broad nose 

Rounded square 
Concave 


Broad and intermediate 
Prominent laterally 
Mediun 

Non-projecting, lowish, 
and *concave-profiled. 
Variable minorities. 
Short and low. Alveolae 
orthognathous, and 
somewhat absorbed. 


*Strong chin;*non-muscular & 
square angles. Edge bite, 
worn teeth;lacks shovel 


incisors.*Excess of teeth 
loss before death 


Bronze Age east Cypriotes: 


Tae ye G4 
"Modern" Carinthians: 

63.97 % 
"Modern" foothill Bavarians: 

92.94 & 
Medieval Hythe, Kent, Eng- 
land: 63.59 & 


pq__-ng 
+noe ny 


in the measurements and indices available for any given outside series, and averaging 
characters obviously exaggerate such ratios. 
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not be overlooked at any period when the Greek mainland shows an 
even domination of types A and B over the others. 


The name Nordic-Iranian is compounded for type D because it con- 
tains slightly divided tendencies. The heavy Nordic-Iranian skull is 
large, long, and high, with long base and peculiarly deep occiput. A 
well-filled appearance and a smooth-contoured ellipsoid or ovoid norma 
verticalis set off the skull’s sharply cut muscle attachments and well 
developed browridges. Considerable backward tilt of the frontal goes 
with a receding and capacious forehead. Like the frontal the parietals 
are smooth and weak-bossed with very little lambdoid flattening, though 
some occipital ‘‘overlap’’ may tend to occur. A powerful torus divides 
the full cerebellar region from the cerebral bulge of the occiput above, 
and the appreciable depth of the rear third of the vault is reflectd in the 
long occipital are. The high, leptoprosopic, face is rectangular,.combin- 
ing broad forehead and jowls with relatively narrow midfacial region. 
Thus the noticeably drooping orbits are enclosed by large but compressed 
and slightly retreating cheekbones, and slight midfacial protrusion 
supports the aquiline nose. This nose is large in all dimensions, high 
at root and bridge, concavo-convex and markedly salient in profile, with 
a strongly jutting spine. The long and high-arched palate shows neither 
the modern ‘‘Gothic’’ narrowing nor any alveolar prognathism. The 
jaw is big and rugged, with some eversion of the widely spread angles 
and cleft and relatively deep chin whose lack of prominence suits a 
variable trend toward a convex facial profile. A reduction in size of the 
upper third molars seems unconnected with other masticatory features. 

The Nordic-Iranian type is fairly homogeneous, though it masks 
some diverse trends,‘ and excess variability is centered in the minimum 
frontal and upper facial breadths as well as parietal length and nose 
height (compare Breitinger, ’38). 


44 Nordie-Iranians include four of the original subgroups: D1, the ‘Tron Age Nordic’’ 
(Coon, 739, pp. 292-293), with full and cylindrical vault, almost mesocrane, with big forehead 
and rectangular face well set back beneath it, drooping rhomboid orbits, retreating cheek- 
bones; D 2, the ‘‘Corded Nordic’? (Coon, 739, p. 85 and table 12, Debetz, 730), with high, 


narrow, ellipsoid vault and heavy browridges overhanging horizontal orbits — features which 


t 


become less extreme in the Iron than in the Bronze Age as in Central Europe; D4, the 
Aegean-Anatolian version of the ‘‘Iranian’’ type, with medium-large, bluntly gabled, rounded 
pentagonoid to byrsoid vault, narrow forehead, and characteristically deep, down-bulging 
occiput, with rectangular face, high rhomboid orbits, a notably big and sweepingly salient 


- hawklike nose, and resulting convex profile linked with retreating chin and short ramus of 


deep and tilted jaw (all these features being less extreme in Greece than in Vallois’ (39) ill- 
filled, hyperdolichocrane, broad-nosed, prognathous Proto-Iranian type at Sialk); and D3, an 


intermediate Iranian-Mediterranean form, short-faced, and approximating Coon’s Danubian 


and Cappadocian types (Coon, 739, pp. 85, 137-139). 
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These regional variabilities suggest Central European Nordic versus 
Near Eastern contrast. It is not surprising that Nordic-Iranians show 
no significant differences from Bajuvars from Munich Reihengraber 
(Kramp, ’38, and Wallis in Coon, ’39, p. 664, table 44) as seen in table 


FOR TYPE A 
N.W.Siculans 


Isnello 
N.C.Sici 


Siculan 1(?) 
ca.Z000 B.C. 


(Giuffri 

Ruggeri 
Characte Mean 
Horiz. circumf. 528.54 
Sagittal are 376.86 
Frontal are 125.93? 
Parietal are 129.36 
Occipital are 121.57 
Transverse arc 311.73 


Cranial length 188.73 
Cranial breadth 140.08 
Basion-bregme ht. 133.83 
Auricular height 

Min. frontal br. 96.64 
Max. frontal br. 115.58 
Frontal chord 

Parietal chord 

Occipital chord 
Bas.-nasion l. 
Bas.-prosthion l. 


Facial angle 87.80 


Bizygomatic br. 133.18 
Bigonial breadth 103.00? 


Face height (112.69) 
Upper face height 66.36 
Nose height 51.09 
Nose breadth 24.30 
Left orbit height 

Right orbit ht. 2188 
Left orbit br. 38.91 


Right orbit br. 
Interorbital br. 22.09 


Symphysis height 32.30? 
Condylo-symph.1,. 
Bicondylar breadth 
Min.br.esc.ramus 32,33? 
Mandibular engle 119.67? 


Cranial index 73.68 
Length-height 70.53 
Length-aur. ht. 

Breadth-height 96.27 


Breucth-aur. ht. 
Fronto-parietal 68.98 


Cranio-facial 95.06 
Zygo-frontel 72.55 
Fronto-gonial 106.59? 
Zygo-gonial 717.33? 
Fecial index 

Upper fecial 49.95 
Nasal index 47.64 
Orbital index 81.83 


"Deviation ratio" 74,09 % 


Note : asterisks mark indices calculated from the means. 
divergence or other uncertainty are queried. 
Bajuvar series measured by Kramp is identical 
seat and breakage; though this probably ap 
10); palatal index, 117.28 (9) 


64.70 


ly 


ca- 
) 


10? 


Tea Beh ey 
Cranial series from sites outside Greece for comparison with morphological types, to 


FOR 


S.Egyptians 
Badari 

Upper Egypt 
Badarien 
ca.4000 B.C. 
(Stoessiger, 
Derry ,Morant 


Mean 


TYPE B 
E.Libyans 
Siwah 
N.E.Libya 
pre-Roman 
‘ne Age??) 
Derry) 


Mean 
510.19 
374.15 
125.94 
130.52 
117.66 
293.93? 


184.09 
135.44 
131.47 
114.54 

92.22 
111.92 


98.45 
95.05 


85.67 


124.83 
92.79 
111.50 
68.30 
50.34 
23.2€ 
32.97 
33.09 
38.91 
39.27 
20.39 


31.57 


113.21 
31.14 
127.00 


75.37 
71.42 
62.22 
97.07 
84.57 
68.09 
92.17 
73.88 
100.62 
74.33 
89.32 
54.71 
46.21 
84.73 


67.86 & 


NAIA 


KOR OR OOK OK OR OK OR OK OF 


FOR 


af) 540) 


D 


Proto-Nordics Bajuvers 


Tepe Hissar 


North Iran 
Bronze Age 


3rd mill.B.C. 


(Krogman) 


ean 
523.46 
385.85 
132.05 
134.59 
119.46 
312.39 


191.67 
135.95 
138.49 
117.25 

97.21 


104.81 


86.78 


130.03 
100.72 
119.50 
71.21 
51.21 
25.51 
32.15 


40.51 
22.46 


37.03 
110.50 
117.66 

33.75 
124.27 


70.85 
72.16 
61.17 
101.81 
86.24 
71.72 
95.69 
74.76 
103.61 
77.46 
91.82 
54.79 
49.87 
79.36 


148.57 & 


Near Munich 

S.Bavaria 

Reihengr&ber 
580-730 A.D. 
(Kramp,Wallis 
in Coon) 


Measurements known to di- 
Mandibular measurements of the Isnello 
with that studied earlier by Wallis. 

plies to other series of similar date 
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12, though Bajuvars have a less rectangular face and more Alpinoid 
traits than are perceptible in Greek Nordic-Ivanians. On the other 
hand the Tepe Hissar North Iranian Proto-Nordics (Krogman, 40) 
_ show exaggerated deviation from the Nordic-Iranian type because of 


Vv 
show directions of types' deviations from total series and racial position of Greeks 
NOR. DP er FOR) fey (Pee TE FOR 2 Y PB. Cc FOR A & B 
N.Egyptians Slovenes Etr-Romans Illyrians Cypriotes Carinthians Minoans 
Sedment Carniola Tarquinia Magdalenaberg Sites in Greifenberg Sites in 


Lower Egypt N.Yugoslavia S.Tuscany C.Carniola 

IX Dynasty "Modern" Iron Age Hallstatt 

2100 B.C. 19th A.D. ca. 650 - 100 B.C. 

( Woo ) (Weisbach, | (Schmidt, (Angel) 
Morant) Morant) 


N.E.Cyprus §.C.Austria 
Bronze Age "Modern" 
2500-1200 17-19th A.D. 
(First, (Shapiro) 
Buxton) 


3009-1409 
(Duckworth 
v.Luschan) 


Mean N_ Mean 
Beoeor oprpee. 59) lS 
375.6 81 383.80 10 
129.56 15 
130.00 16 
alpen sdeh ale 
319.41 


aL 
510.87 38 517.92 272 
368.23 37 364.035 261 
127.79 42 126.56 267 
127.18 44 122.51 223 
113.31 37 115.33 234 
325.53? 315.52 


511.7 40 510.1 60 
373.8 36 359.8 60 
2290) 59) 126.6 60 
129.9 40 123.8 60 
115.0 37 109.4 60 
314.9 39 314.6 60 


515.9 21 


181.9 40 175.5 60 
138.3 40 146.1 60 
137.4 38 133.6 60 


188.53 
143.7 87 146.61 18 
133.4 80 133.58 12 


176.45 178.26 
142.70 53 146.91 266 
136.72 39 128.71 266 


115.3 39 118.39 18 |117.45 33 118.9? 25 
92.6 40 97.5 60 96.1 (87 (98.55 15 97.72 46 97.62 281 95.7 190 
123.96 15 |118.66 42 
113.3 39 115.04 15 |112.78 43 
115.6 40 117.26 16 |110.50 44 
92.6 40 92.4 60 |101.6 81 100.14 11 98.23 37 
100.8 37 99.9 60 |101.90 80 103.67 9 99.67 36 98.05 263 ||100.0 23 
96.9 37 94.6 60 101.00 94.52 95.9 11 
84.4 37 87.10 84.50 
127.2 29 134.2 60 135.27 129.54 133.61 126.0? 5 
92.0 32 101.50 12 97.50 8 
(i952) hie 119.50 10° 117.20? 5 
71.5 38 71.0 60 70.7 84 71.91 11 67.48 33 69.32 192 65.0 13 
51.4 38 50.5 60 51.6 84 53.18 11 49.97 36 50.58 255 48.9 13 
24.5 39 23.9 60 24.1 82 25.30 10 24.08 35 24.55 233 24.2 10 
34.17 6 eae 33.38 247 
oa 6 33.9 60 32.9 84 F3'5g 7 32.42 36 33.50 252 31.7 22 
. 40.33 6 29.61 246 
Ben 39.2? 60 Bos El Bes 39.287 35 40106 046 39.5 13 
21.2, 52 23.50 (25.5) 36 
External 
33.7 33 32.92 13 32.00 8 palate length: 
102.6 36 107.40 11 52.01 183 
114.3 26 123.30 10 120.00 6 palate breadth: 
33.6 35 30.15 12 32.50 8 63.39 116 
121.0 36 127.96 122.00 8 


76.1 40 83.4 60 77.94 80.97 51 82.51 261 73.39 * 
75.5 38 76.1 60 72.9 80 71.27 13 | 78.14 39 72.40 260 || 69.85? * 
65.4 * 62.85 17 | 67.55 33 63.792 * 
99.3 * 91.4 * | 92.83 * 92.58 13 | 95.57 39 87.82 251 || 95.187 * 
83.4 * 80.85 17 | 82.47 33 86.92? * 
GicOln te CG 7 et 66.87 * 66.86 14 | 68.56 46 66.42 264 || 69.96 * 
92.0 * 91.8 * | 91.78 * -91.95 11 | 90.78 * 90.82 176 || 92.10 * 
72.8 * 72.6 * PERG) Pe NETSneoe 09) | 75.44 2 75.06 75.95 * 
99.3 * 102.95 11 | 99.77 Heal. tndext 

72.5 * 75.83 9 75.27 eRe aes 

87.86 11 | 92.577 3 : 

56.2 * 52.9 * 53.60 * 53.14 11 52.45 22 52.26 132 |] 51.59 * 
47.7 38 47.1 60 | 46.9 82 47.90 10 | 48.29 34 48.61 228 || 49.49 * 
84.1 35 83.8 60 | 85.8 71 86.67 82.64 35 84.32 241 || 80.25 * 
141.726 127.46 % 89.71 % 111.38 % Mun? 4 63.97 & 


verge from the writer's technique are in parentheses; those suspected of technical 
series are doubtful since the jaws were sexed metrically. It is not certain that the 
All measurements on the Magdalenaberg series are dubious because of post-mortem 

and provenience. Magdalenaberg External palate length : 54.73 (11); palate breadth, 
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their consistently marked linearity and lack of any Alpinoid trends.’ 
Resemblances to southeast English Anglo-Saxons (Layard and Young, 
in Brash, ’35) and to medieval monks of central Ireland (Howells, ’41) | 
are adequate to confirm the Nordic direction of the type’s deviation 
from the total series of Greeks and show up the palaeolithic survivor | 
elements in these northwest Europeans. The Nordic-Iranian’s overlap. 
with the Basic White is obvious, just as Nordic and Atlanto-Mediter- 
ranean types overlap elsewhere, but ten significant metric and indicial 
differences are enough to show that they are not simply facial variants. 
of a single type.*® These comparisons greatly strengthen the case for. 
an historic Iranian-Nordic racial continuity (Coon, ’39, p. 128) from 
the Caspian to Scandinavia, and they suggest eastern and northern. 
origins for the Nordic-Iranian type in Greece. 

Type F is the least Alpine of two intermediate, plausibly hybrid 
forms, and is called Dinaric-Mediterranean. The medium-sized high 
mesocrane vault is short and relatively high, with relatively narrow 
base, and a marked constriction of the forehead which combines with 
full parietals to give a byrsoid (hanging waterdrop) norma verticalis. 
This pinching of the rather flat and sloping forehead is reflected in a 
tendency toward postcoronal depression. The occipital is short, non- 
protuberant, and placed high, with a flat cerebellar region leading down 
toward vertically elongated mastoids and projecting occipital condyles. 
Norma occipitalis may be horseshoe shaped. The glenoid fossa is 
shallow. The face is big and high, with enough midfacial breadth con- 
trasted with pinched forehead and jowls to give an elongated hexagonal 
(almost diamond-shaped) outline. This midfacial breadth is variable, 
depending on the tendency of the large cheekbones to flare and on the 
droop of capacious rhomboid orbits. Facial height is carried through 
in the long thin nose whose profile tends to continue the line of the 
forehead, and in the high palate (accompanied respectively by reduced. 
bore of lacrimal foramen and by crowding of teeth) down to the long 
and deep jaw with its trend toward obtuse and slightly flaring angles. 
Well-preserved alveolae and rare teeth loss in life clearly connect with 
a younger than average age at death in this sample. 


* Since ancient Egyptians, Mesopotamians, Iranians, and other inhabitants of the arid 
Near East differ consistently from all the Greek morphological types and from Europeans in 
general in their much greater linearity of vault and face, it seems likely that this linearity is 
largely an environmentally conditioned (climate, soil minerals, diet, water intake) feature which 
would tend to disappear in any group migrating to a less arid region. 

* There is no reason to suppose that the Nordic-Iranian type in Greece was as blond as are 


Nordies in northern latitudes. In modern Greece the type shows brunet as well as blond 
individuals. 
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The Dinaric-Mediterranean is homogeneous as a whole but shows 


_ two slightly divergent trends 7 definitely enough to account for excess 
_ variability in the sagittal are, bizygomatic, biorbital, orbital, and bi- 
_ condylar breadths, fronto-parietal index, and profile angles of the mid- 


facial region. In harmony with this the Dinaric-Mediterraneans show 


| barely adequate approximations to two different sets of outside series, 
- and deviate very little from the total series. The type resembles Lower 


Egyptian dinaricised Mediterranean series of the third and second 


' millennia B.C. (Morant, ’25, after Broca; Woo, ’30; Morant, ’25, after 


EK. Schmidt), and in the other direction approaches dinaricised Alpine 


' groups, including Roman inhabitants of the Troad in N.W. Anatolia 
_ (Virchow, 1879), modern Greeks almost wholly from Anatolia and 


European Turkey, modern Serbs and Croats of the Adriatic coast 


' region and Dinaric Alps, and modern Slovenes of N.W. Yugoslavia 
| (Morant, ’28, all after Weisbach, 1881, 1884, ’12), with poor re- 
| semblances to Bronze Age east Cypriotes (Furst, ’33, Buxton, ’20). 
| Since Lower Egyptians diverge from Dinaric-Mediterranean Greeks 


in the same linearity in which Egyptians in general differ from Greeks, 
and since the Cypriote, Anatolian, and Balkan groups are all too 


. Alpinoid for close similarity, it seems best to think not only of plausible 


Egyptian and northern origins for the type but also of local hybrid 
formation. 
Type E’s close morphological approach to Alpine is the reason for 


- calling it Mixed Alpine. It has a notably large and well-filled vault, 


long-based as well as broad, with intermediate proportions and a 


_ peculiarly broad and long frontal bone. The non-sloping, high, and 
fairly wide forehead has large bosses and is inflated rather than con- 


stricted postorbitally. The parietals are smoother and less striking, 
marked only by their contribution to lateral vault fullness and especially 
by the extensive obelion-lambda flattened plane leading down to the 
weakly curved occiput. The low face is so dominated by the large 


frontal that in spite of slight midfacial breadth tendencies clearest in 


the broad orbits the general facial outline is an inverted trapezoid. 
Non-flaring cheekbones border sloping orbits and suit non-projecting 
jowls. The low-bridged nose has a rather high, large root which empha- 
sizes the lack of nasal saliency and fits the very orthognathous facial 
profile. Though both palate and jaw are large, their shallowness and 
the jaw’s obtuse angles and incipient delicacy combine with an overbite 
to weaken the mouth region. 

These are; F 1 toward Mediterranean-Iranian features, with high nose root and browridge 


sweep, some midfacial and some occipital protrusion as among Iranians; F 2 toward the true 
, - 
prachycrane Dinariec, strongly orthognathous and with flatter occiput. 
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The Mixed Alpine type is homogeneous, but does show some inner 
divergencies suiting the excess variability in horizontal circumference, 
frontal bone diameters, orbital and nasal breadths, and facial angles.'* 
The type shows close approximation to ancient Tarquinians of Etrusco- 
Roman makeup (Morant, ’28, after E. Schmidt, 1887), and a good 
similarity with Merovingian Franks of northern France (Wallis in 
Coon, ’39, p. 664, table 45), though both of these groups differ from 
Mixed Alpines in their greater facial and nasal heights and in Alpine 
and Nordic directions respectively. Adequate resemblances are found 
with Bessarabian Scyths (Donici, ’28-’31, ’30, ’34—’35), with Carniola 
Illyrians (Angel, ’42), with modern Basques of Guipuzcoa (Morant, ’29, 
with data from d’Aranzadi), and with Medieval Guanche from Ten- 
eriffe (Hooton, ’25). Illyrians are closest of these to the Greek Mixed 
Alpines, but differ strongly in their much higher and less orthognathous, 
more Nordic, faces. Though relatively low-faced, the Scyths are too 
small-skulled, Basques have too much facial constriction, and Guanch 
are too Mediterranean for close similarity. These resemblances as 
whole suggest non-Near Eastern origins for Mixed Alpines, hinting 
that generalized Mediterranean-Alpine mixture took place meee 
the Mediterranean-Black Sea strip of Europe and even Anatolia 19) 
with inevitable parallelism and that the type in Greece must be con- 
sidered almost entirely a local hybrid form. 

Alpine is the name given to type C because it includes brachymorph 
skulls. The medium-sized braincase is marked by wide parietals and 
considerable shortening which involves base, parietals, and occipital, 
with enough frontal region variety so that norma verticalis diverges 
from short ovoid to both spheroid and sphenoid. The forehead is broad 
and full, though narrow relative to the bulge of the sidewalls which 
may carry forward to the upper temples. The short occiput is much 
less curved than usual and shows a rugged torus which may compen- 
sate for reduced leverage and contrasts with lack of mastoid hyper- 
trophy. The skull base tends to be flat. The Alpine face is low and 
orthognathous, subnasally shallow, and square in outline with rounded 
corners, tending toward hexagonal. The broad orbits droop little, and 
a slight flatness of face derives less from incipient prominence of 


* The Mixed Alpine type includes three of the original 23 subgroups: E 1, showing larger, 
more angular vault, with smaller face; E 2, rugged Nordic-Alpine, with sloping forehead and 
wide face; E 3, a smaller and completely intermediate trend. 

* Mixed Alpine similarities of the historic period Greeks from the Aeolian and Ionian coasts 
of Anatolia (Angel, 742, table IV column 7, after Schumacher, ’26, Zaborowski, 1881, and 
Virchow, 1882, 1884) show that Greeks on both sides of the Aegean in classical times developed 
parallel mixtures. 
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cheekbones than from insignificant nasal prominence. Thus dominant 
nose trends are toward shortening and non-saliency, generally with low 
root and bridge and concave profile. The mouth region is marked by 
alveolar retraction with correspondingly short and low palate, and 
projecting chin. Though slightly squared, the jaw is not rugged. And 
the Alpine type’s statistically insignificant rise in age at death does 
not seem enough to account for a whole complex of poor teeth quality. 
marked wear and loss before death, alveolar absorption, and an edge- 
to-edge bite. 

Like the Basic White type the Alpine type shows a noticeably raised 
variability, with excess variability in transverse arc, frontal chord, face 
height, palate and jaw lengths and breadths, nasal and interorbita 
breadths, and nasalia and jaw angles. These excesses suit the divergent 
tendencies within the Alpines.?° Because the ‘‘European’’ tendencie 
are stronger than the ‘‘Hastern’’ or Asiatic Alpine ones (compar 
Coon, ’39, p. 636) the Greek Alpines show close approximation t 
Carinthian villagers from Greifenberg in the Drave valley (Shapiro 
’29) and to medieval inhabitants of Hythe in Kent (Stoessiger and 
Morant, 732), with adequate resemblance to Foothill Bavarians (Ried 
’11), though they tend to have a lower face and a slightly less laterally 
expanded vault than these groups. On the other hand eastern Cypriote 
of the Bronze Age (Furst, ’33, Buxton, ’20) show only an adequate re 
semblance to the Alpine type, about as close as the Bavarians, and i 
terms of raw differences are as close to the Dinaric-Mediterranean as 
to the Alpine type. The Cypriote vault is higher and slightly eae. 
than the Alpine, with longer base, and the face and nose eee 
narrower: divergences in a Dinaric direction, though the Cypriot 
total face height is clearly overestimated by 3-4 mm. as result of inade- 
quate sample. All together the Greek Alpine type must have Near 
Eastern origins subsidiary to northern ones, perhaps of eventual meso- 
lithic derivation in Central Europe. The type’s similarities suggest 
continuity between both low-headed (compare Krogman, ’33 and "314 
Hittite period Alpines with Shapiro, ’29) and high-headed (compare 
Cypriotes and Bavarians) Eastern Alpines and European Alpines. 

*In the Alpine type are included five subgroups: Cl, © 2, C3, respectively the typical 
globular, round-faced Central European Alpine, its paedomorphie and low-headed extreme, and 
a heavy, rugged, slab-faced and square-jawed brachyerane trend in a Borreby — Beaker direc- 
tion; C4, the typical Hastern Alpine, combines a short, high, planoccipital, sphenoid vault 
with face marked by sloping orbits, high nose, square gonial angles spread by anterior crowd- 
ing of neck viscera and muscles; and C5, the low-headed Eastern Alpine, with sphenoid-byrsoid 
vault with short occiput, broad base, squat height, pinched forehead, and squat face, never 


linear, sometimes with puffily convex nose. Neither C4 nor C5 is ‘‘Armenoid’’, though later 
both may contribute to it. 
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As seen in the last column of table 7 the mean total series measure- 
‘ments predicted by averaging the weighted means of the six types 
show no meaningful differences from the observed values in table 
2, and I conclude that it is just as accurate and more vivid to describe 
the ancient Greeks dynamically in terms of the percentage occurence 
of types as in terms of mean measurements. 

This and the foregoing comparisons validate the types. The Dinaric- 
|Mediterranean, Nordic-Iranian, and Basic White are closest to the 
hypothetical average ancient Greek in measurements and indices com- 
|bined, and the Classic Mediterranean is particularly close in propor- 
tions though not in measurements, as shown in the mean deviations of 
jtable 3. But in lack of significantly deviant morphological observations, 
.seen in table 4, it is the Alpine, Mixed Alpine, and Dinaric-Mediter- 


Uy Nh ee 3 Wie 
Percentages of occurrence of six male morphological types in eight period groups 


M.H.- | L.H.III) CEPHAL- CLASSIC] ROMAN | BYZANT- 
L.H.II INE 
. 12.07 


Morphological NE 
type E. 


OL.- 
H. 


C : Alpine 17.25 13.04 10.00 19.05 27.59 

E : Mixed 3.45 13.80 
Alpine 

F : Dinaric- 6.90 7,84 

Mediterranean 

D : Nordic- 17.24 18.43 
Iranian 

B : Classic 24.13 23.14 

Mediterranean 

A: Basic 31.03 23.53 
White 


Number skulls 29 255 


* Deviation from 
previous period. 3.22 


ranean types which are closest to the average. Hence the ancient Greeks 
might be considered an intermediate ‘‘blend’” of slightly diverse linear 
_and lateral types with the former dominating the measurements and 
‘the latter the morphology. But the numerical dominance of rugged 
and gracile Mediterraneans, seen in the last column of table 6, and the 
relative rarity of the two intermediate types show that the term 
‘blend’? is a misnomer. This term’s inaccuracy is confirmed by the 
excessive variability of the total series and period groups compared to 
the six types. By now it is clear that this high variability is a result of 
incomplete blending and of juxtaposition of more individuals of con- 
trasting (not intermediate) type than in most populations. Hence both 
the process of formation and the notable heterogeneity of the ancient 
Greeks are illuminated through use of types in a way impossible from 
‘means and sigmas alone. 

| This suggests that other samples, even those which are considered 
“*homogeneous,’’ might yield more information if they were treated 
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in the same way. The types established in this study apply throughout, 
the white race’s range except for regions dominated by Paleolithic 
survivors (Coon, 39, pp. 291, 294-295, map 9) other than the Alpine 
type. Cranial features of rugged and gracile Mediterranean, Nordic, 
and Alpine types have been precisely described and validated. And 
such details as the facial rectangularity of Nordics and of Iranians, the 
edge-to-edge bite of Alpines, and the mandibular compression of Medi- 


T A BG B Voie 
Measurements and indices of period groups and of total series predicted from type | 
percentages; and deviations of observed values ( Table VIII ) from predictions 


Horiz. 517.83 


circ. -£.40 
Sag. 374.53 
arc -.75 
Trans. 308.38 
arc 1.78 
Length 185.26 
-.12 

Br. 139.94 
-.36 

Auric. 116.07 
ht. 1.35 
Min.fr. 96.25 
br. -.15 


prosth. 1.95 
Bizyg. 130.86 


br. -2.66 
Bigon. 99.75 
*-6.37 


U.face 67.76 
ht. *2.80 
Nose 49.78 


ht. 1.00 
Nose 24.53 
br. -.53 
Symph. 31.78 
ht. 1.55 
Cranial 75.70 
index 06 
L.-aur. 63.37 
ht. +08 | 
Br-aur. 83.04 | 
ht. 83 | 
Fr-par. 68.74 
-.13 | 
U.fac. 51.90 
*2.82 
Nasal 49.60 
-1.54 
L.orb- 83.07 
ital -222 
Stat- 162.16 
ure -4.41 
Deviations: | 


metric 1.66 
indicial .81 


Note : for statistical purposes the p.e.s of the predictions are 

with those of observed values. Deviations of Sienteed from spedietod tutes peace 
marked with one star if they exceed twice their probable errors, and with two stars 
if over 2.50 x p.e. No deviation reaches 3.00 x p.e. Predictions for a particular 
measurement of any given period group are calculated by averaging the types' means 
weighted according to the percentage frequency of each type in that period group 

oes oi geropenctcs shown Snes pees partly from inadequate samples, but to a Z 
greater exten rom genetic effects which the t: 

well as from aeviacceene a influences. ee ee ot ae 
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terraneans have been established objectively, even though the actual 
measurements of each type express a few local Greek peculiarities, 
such as facial lowness. It is also clear that mixture between Alpine 
and linear strains may produce individuals with long mesocrane skulls 
and low faces as well as a short-skulled, long-faced Dinaric inter- 
mediacy. 


USE OF TYPES IN ANALYSIS OF GREEK RACIAL HISTORY 


There are two tests of the usefulness of the types set up in the pre- 
ceding discussion. The first of these is the accuracy of the predictions 
of the period group means, as shown in table 7. In no instance do these 
predictions differ significantly from the observed values in table 8 and 
they give a good general picture of the observed changes in racial pat- 
tern from period to period. Discrepancies occur, often as a result of 
inadequate numbers of fully measurable skulls, often as a result of 
environmental forces, and sometimes also of genetic factors beyond 
the scope of the chronologically inflexible types. But these are minor 
deviations. And since the changes shown in tables 8 and 9 result from 
genetic and from environmental forces combined and can be expressed 
accurately in terms of type percentages, the types must have some 
degree of genetic as well as phaenotypic reality. The second test of 
usefulness is the vividness which the racial types give to Greek racial 
history, and this can be judged only from study of figure 13, table 6, 
and the following paragraphs. 

Racial analysis of Greece in these terms can be summarized as fol- 
lows: (1) type distribution for the combined Neolithic and Karly Bronze 
Age does not differ appreciably from that for the total series of males; 
(2) noticeable increases in Mixed Alpine and Nordic-Iranian types oc- 
eur in the Middle Bronze Age, the latter element being emphasized by 
(3) the statistically significant reduction in Nordic-Ivanian and rise to 
dominance of both rugged and gracile Mediterraneans in the Mycenaean 
period; (4) marked decrease in Basic Whites with corresponding sig- 
nificant increase definite for Alpines and probable for Dinaric-Mediter- 
raneans in the Early Iron Age; (5) significant decrease in Classical 
times of Alpines and the two hybrid Alpine types taken as a whole, 
with corresponding increase in dolichocranes perhaps involving Nordic- 
Iranians more than the other two; (6) possible though unproven in- 
crease in Dinaric-Mediterraneans and decrease in Basic Whites in the 
Roman period, followed by (7) virtually significant Byzantine increase 
in Classic Mediterraneans since the Roman period, and in Alpines since 
the Classic period. A period by period consideration of the relation of 
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this racial picture shown in figure 13 to the measurements and observ: 
tions tabulated in tables 8 and 9 will sharpen the historical meanin 
of the period samples and will clarify further the types and their us 
fulness. 

In the much broken sample from the third millennium B.C. ther 
appears the combination of a medium-sized, searcely mesocrane, some 
what high-vaulted and narrow-based braincase with a linear face com 
bining deep and compressed jaws with a protruding mouth region an 
fairly large nose. Though this picture of the average pre-Gree 
(‘‘Pelasgian’’?) inhabitant of Greece is somewhat exaggerated be 
cause of the scarcity of skulls with measureable faces, it is explicab: 
as a partial ‘‘dinaricisation’’ of robust and gracile Mediterranea 
strains by combination with Alpine, Iranian, and possibly also Dinari; 
Mediterranean types. The measurements appear to overstress a Dinar 
rather than short-faced Mixed Alpine intermediacy more typical fc 
Greece at later periods. But it is clear that the basic racial mechanis} 
of this area was already operating before 2000 B.C., and that Alpin 
Nordiec-Iranian, and Dinaroid strains mainly from ultimate Mesolith 
and (‘‘Danubian’’) Neolithic origins in regions north and northea: 
of Greece (compare Angel, ’42b, table IV, column 1, after Jaronot 
Dronéilov, Popov, Pittard, Doni¢i) were less iiporant in forming tl 
original populations of Greece than were Basic Whites and delica’ 
Mediterraneans of southeastern insular and coastal Mediterranea 
origin.”? 

In the Middle Bronze Age the extremes of type are still fae 
apart than in the variable third millennium B.C. sample. The averag« 
show a larger, more mesocrane, shorter-based, well-filled vault with b: 
forehead and low-bulging occiput. The more hexagonal face is lowe 
with straight profile, low orbits, shallow jaw, and a mainly aquilir 
nose with pinched root and interorbital narrowing. This contradictor 
description goes with an exceedingly high variability and results fro 
the juxtaposition rather than blending of Alpinoid and Nordic-Iraniz 
types with practical vanishing of Mediterraneans. Alpine influen 
overdominates the means, but stresses probable northern invasions 
into isthmian Greece. Other movements from far to the northeast « 


* As suggested elsewhere (Angel, *42b) on the basis of unpublished skulls from Ha: 
Bronze Age Corinth, Dimaric-Mediterraneans as well as Mediterraneans in Greece at this tii 
are plausibly derived from Lower Egypt or the Delta either directly or via Crete as much 
from the eastern Balkans. 

* These probably took place toward the end of the period (L.H. I-II) and brought in Mis 
ones (Nordic-Alpines), according to unpublished skulls from Mycenae, Thorikos, a 

utresis. 
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east (Debetz, ’30, and Krogman, ’40) occurred earlier in the period, 
were more important, included Eastern Alpine as well as Nordic- 
Iranian elements, probably had repercussions in Anatolia (Krogman, 
’37), and must have been connected with the arrival of peoples speak- 
ing some form of Greek. 

The Mycenaean sample has a less mesocrane, low, angular, and less 
well-filled braincase with less arched forehead. The face is slightly 
longer, with higher orbits and deeper chin, and is distinguished particu- 
larly by widely spread and square jowls. A weak and non-salient nose 
combines with striking alveolar prognathism and jutting chin to pro- 
duce a concave total profile. Dominance by Basic Whites backed up 
by gracile Mediterraneans adequately explains these averages ** and 
partly explains the striking decrease in variability from the colossal 
Middle Bronze Age value. Alpine and Nordic-Iranian strains were very 
thoroughly absorbed in formation of this homogeneous Mycenaean 
blend, and influence of the former on vault breadth and base shortness 
and of the latter on face heights and jowl breadth is perhaps stronger 
than their percentage figures show: many Basic White skulls now show 
Alpine or Nordic minor characteristics. The Mycenaean blend seems 
to be fundamental in all later Greek populations down to the present 
day. Its formation was principally absorption of Middle Bronze Age 
intrusive strains by the pre-Greek racial substratum. But the close 
similarity of the ‘‘Mediterranean’’ composite of types A and B to non- 
brachycrane Minoan Cretans is suggestive here, as shown in figure 11, 
and maritime reinforcement of these types and of Eastern Alpines is 
plausible. 

The Submycenaean series from Cephallenia is culturally as well as 
racially separated from inhabitants of the isthmian region, serving as 
an example of the isolating effects of east Mediterranean geography in 
a phase of piracy and cultural change. The large, linear, scaphoid, 
2offin-shaped vault, and squat, low-orbitted, coarse-nosed, and slightly 
prognathous face differs from the Mycenaean series in much greater 
stress on the Megalithic (type A1) segment of the Basic White type, 
olus a peculiar local exaggeration of the disharmonic Aegean face. But 
4s pointed out in an earlier publication (Angel, ’43) the Cephallenians 
sxaggerate the Mycenaean divergences from the later isthmian Greeks 
and are a special survival from the pre-Greek racial substratum, per- 
aaps with some Mycenaean Mediterraneans and also a trace of Alpine 


/ 23 Relative lack of well-preserved complete crania, as in the third millennium B.C. group, af- 
tects the facial diameters, perhaps slightly exaggerating the facial heights. 
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T A By iin 2 
Mean measurements, indices, and variability ratings of eight period groups of ancient 
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added from the racially unknown mountain regions of western an¢ 
northwest Greece respectively. | 

Compared with the Mycenaean sample the Early Iron Age vauli 
averages heavy, well-filled, shorter, and more mesocrane, with signifi. 
cantly broader skull base and a high, relatively steep, rounded, ané 
smooth forehead. The face tends toward an hexagonal outline, witk 
broad rhomboid orbits, big cheekbones, a more salient and strong-spinec 
nose, and a large mandible whose more obtuse angles and weak chir 
suit the strongly orthognathous facial profile. An edge bite hardly ae- 
cords with this, but goes with worn teeth and a rise in teeth loss anc 
abscesses. In accord with this description the type dominance shifts 


ta 8’ 


Schematic group descriptions, based on metric and morphological deviations between 


Mean age 


Skull vault 
description 


Headform: N 
Ellipsoid 
Ovoid 
Pentagonoid 
Rhomboid 
Sphenoid 
Byrsoid 
Spheroid 


Browridges 
Forehead 

and 
Frontal 
Parietal 
Temporal 
Mastoids 
Occipital 
Base 
Face 
description 
Face outline 
Face profile 
Orbits 
Cheekbones 
Nasion depr. 
Nose 
Palate 
Mandible 
Type of bite 
Teeth 


Extra-modal 


observation %s 40.4 


NEOLITHIC AND 
EARLY HELLADIC 


34.7 years (27) 


Almost dolicho- 
crane;relatively 
high, with nar- 
row base 


24 
8.33 % 
54.17 
25.00 

4,17 
4.17 
4.17 

Co) 


Medium - large 
Medium 


Bossed 
Postcoronal dip; 
wide-bossed 
Slightly flat 
Medium 

Slight curve, & 
small torus 
High basion 


High,long, and 
protruding face, 
with rel. deep 
and narrow jaw 
Linear 
Protrusive 


Elliptical: axes 
horizontal 
Compressed 
Slight 

High and straigh 
with broad nasal 
bones 
High-arched 


Compressed, and 
deep-chinned 
Edge-to-edge 


Very good, with 
slight crowding 


39.3 years (23) 


rel. lower skull 
with shorter and 
broader base 


22 


27.27 & 
31.82 
13.64 
4.55 
13.64 
9.09 

) 


Large 

High, wide, and 
rel. vertical 
Bossed 

Flat vertex,and 
smooth 

Medium 

Medium 

Bulging; medium 
torus 

Medium basion 


Lower, broader,& 
g-Upper 
face constricted,| 
Shallower jaw 
Hexagonal 
Straight 


Rhomboid: axes 
drooping 
Retreating 
Medium 

Narrow root; 
Concavo-convex}; 
big nasal spine 
Very high, and 
parabolic 
Weak-chinned 


Overbite 


Good quality 


43.7 


MIDDLE HELLADIC- | MYCENAEAN 
LATE HELLADIC II| LA 


TE HELLADIC III} SUBMYCENAEAN 


40.0 years (41) 


Larger,broader,& | Slightly smaller, 


skull, narrower, 
less well filled 
and lower 


40 
10.00 % 
37.50 
45.00 

0 

2.50 

5.00 

0 


Rugged 

Low, narrower, 
and sloping 

Weak contour 
Bossed; lambdoid 
flattening 
Medium 

Medium - large 
Intermediate 


Deep glenoid 
fossa 
Sl.narrower,much 
wider-& squarer- 
jowled,with alv- 


eolar protrusion. 


Trapezoid 
Concave 


Angular :medium. 


Rel. prominent 
Medium - deep 
Weak. Concave- 
straight; small 
nasal spine 
Slight alveolar 
prognathism 


Massive;big chin; 


everted angles 
Sl. overbite 


Medium. 


41.7 


Absorbed alveolae 


CEPHALLENIA 


40.7 years (30) 


Larger, longer, 
more dolicho & 
long-based;with 
rel. broader 
forehead 
25 

16.00 @ 

28.00 

26.00 

4.00 

8.00 

4.00 

4.00 


Medium 

Low, me 

erect 
Constricted 
Scaphoid,bossed, 
lambdoid flat. 
Slightly flat 
Medium 

Medium 


Thick tympanic 
plate 

Low face, with 
long_palate, pro- 
gnathism,nasal 
tilt, low orbits. 
Square _ 
Prognathous 
Rounded; slight 
tilt of axes 
Compressed 
Medium 

Coarse, concave, 
and projecting. 


Elliptical. Med. 
alv. prognathism 
Compressed 
Overbite 


Goo 


43.5 


Note : no probable errors were calculated for morphological observations because of 
be considered as only tentative; though mirroring of salient features of its dominant 
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‘om Basic White to an Alpine-Dinaric combination in which Iranian 
‘aits are individually detectable. A Mediterranean minority persists, 
nd heterogeneity is less striking than in the Middle Bronze Age. But 
s in that period, the change from a general ‘‘Mediterranean’’ norm is 
0 great to explain except by invasion. The hypothesis of a northern, 
resumably eventually a Balkan or Central European source for the 
ivaders seems certain (compare the Alpine, Mixed Alpine, Dinaric, 
ad Hallstatt Nordic makeup of Balkan Illyrians in Angel, ’42 b, table 
V, columns 3 and 4). And the Dorians and other invading tribal groups 
ay have learned Greek in some area not far north of Central Greece. 
ata are inadequate to show how far emigrations at beginning and end 


I 
periods, exaggerated to emphasise combined expressions of types' salient features 


BYZANTINE AND 37 LIVING 
MEDIEVAL GREEK MALES 


36.5 years (31) 37.0 years 
when measured 
Larger,high, 
and broader 
vault 


ROMAN AND 
LATE ROMAN 


CLASSIC TO 
HELLENISTIC 


EARLY IRON AGE 
SUBMYC.-GEOM. 


38.3 years (27) | 42.6 years (52) | 42.1 years (18) 
Shorter & wider, | Longer, lower, & | Smaller,shorter, | Smaller,shorter, 
with broader base] more dolicho;sl. | & more mesocrane;| narrower, & rel- 
shorter parietal,| longer & narrower] rel.higher;longer| atively higher 
& wider frontal. | base;long parie- | base;short parie-| vault 

tal,short frontal) tal,wide frontal. 


25 50 18 29 

16.00 % 24.00 % 27.78 % 24.14 & 

32.00 28.00 22.22 51.72 

44,00 28.00 16.67 10.34 

4.00 10.90 le} 8.90 

t@) 6.00 0 (0) 

4.00 2.00 22.22 3.45 

fe) 2.00 HENGE | 3.45 
Small Medium - large Heavy Medium Medium-small 


High and erect 


Bossed 
Smooth, with 


Low and sloping 


Average 


Long and smooth 


Marked slope 
Constricted 


Scaphoid; lambda 


Low, narrow, & 
medium slope 
Average 
Intermediate 


Comp. high, 
broad, erect 
Full 
Lambdoid 


flat vertex flat; no bosses flattening 
Full Medium Sl. bulging Medium-full Sl. bulging 
Medium - smell Medium Large Medium 

Intermediate Protuberant. Medium. Large Protuberant. Feebie curve 


Small torus 
High basion & 
deep glenoid 


torus 
Deep glenoid, & 
thick tympanic 


Medium torus 
Deep glenoid 
fossa 


High basion.El1- 
iptical meatus 


Midfacially Higher & wider- Relatively wider | Higher & wider- Larger face, 
wider. Longer jowled face with | & lower.Big nose.| jowled face with || with bigger 
nose. More bigger orbits Shallow chin, & less prominent nose 

obtuse jaw angle. narrower jowls. nose 

Hexagonal Rectangular Invert trapezoid | Slight trapezoid Square 
Retreating Straight Convex Weakly concave Straight 
Rhomboid: medium] Oblong: medium Rnomboid and Oblong; tilted 

tilt CEE drooping 

Large Medium Large Small Strong-med. 


Medium 

Medium-high; 
wide bridge. 
wavy-strght. 
Orthognathic 


Medium 
Average. 
Straight profile 


Medium Medium - deep 
Wavy -profiled. Big & salient, 
Subnusal grooves.| with "classic 
profile" 

Low end paraboli 


Small 
High-bridged, 
with strong 
nasal spine 


Small U shape Parabolic. Slight 


alv. prognathism 
Pointed chin 


Parabolic 


Very strong 


Strong & bilat- 
jowls & chin 


eral chin 


Slightly everted 
angles 


Retreating chin 


Edge-to-edge Slight overbite Overbite Overbite More over 
Fair. More wear, | Very good, with V.good.Less wear;| Medium quality, Unworn.More 
loss,abscesses, less wear Mz suppressed, & | more loss, and loss, caries 
& absorption stight crowding slight crowding Poorer. 
43.7 42.5 42.9 43.8 


the exiguous samples available fv. most periods. The descriptions must therefore 
types by any given period group may be judged of interest in the present study. 
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of the period may have affected Bronze Age survivals, in spite « 
Mediterranean increase in Cyprus at this time (Fiirst, ’33). 

The relatively homogeneous Classical Greek series is significant: 
more dolichocrane and has a large, relatively smooth braincase wil 
long parietals and skull base, well- awed occiput, and relatively shor 
wide, and sloping forehead with clearcut browridges. Rectangule 
norma facialis goes with oblong orbits, and widely separated goni 
The facial profile is not over-orthognathous, and combines an averag 
concavoconyex nose plus weak spine and slight subnasal grooving ar 

o ‘Classic Greek profile’’ with a mouth tendency toward an overbi; 
accompanied by better and less worn teeth than in the Early Iron Ag 
and an added trend toward suppression of third molars. This skelet 
norm fits the artistic ideal of the period well except for the nose whe 
the ideal’s excess root height may represent a stretching of skin u 
supported by bone. Figure 4 illustrates the Classical Greek blend as 
less Alpine version of the total series, according precisely with do 
nance of all three long-headed types and especially with the Nordi 
Tranian’s rise almost to its Middle Bronze Age frequency. A defini 
Mixed Alpine minority replaces the Alpine-Dinaric element of the pr 
ceding period, indicating a process of mixture of Early Iron Age i 
vaders with Bronze Age leftovers. In this process recombination 
Nordic-Iranian strains contained in both Dinaric-Mediterranean i 
vaders and Basic White Mycenaeans contributes to the Classical exce 
of Nordic-Iranians, many of whom individually show Mediterranea 
Basic White, or Alpine minor traits. Existence in Classical and Helle: 
istic times of a strong Nordic-Iranian element among Anatolian Gree 
(compare plates in Schumacher, ’26, and table 7 in Angel, ’42b) 
well as Basic Whites and Mixed Alpines suggests that ings from thi 
source is plausible at the start of the period. Metics and slaves me 
have had some effect in reinforcing the generally long-headed trend 
the period, though a minor one. 

The average Roman period braincase is more mesocrane and shorté 
and perhaps higher and longer-based than the Classical sample. TI 
vault is smooth and often byrsoid in norma verticalis, scaphoid, wit 
lambdoid flattening, strong nuchal muscle markings, big mastoids, ar 
ae forehead with big browridges. The broad and subnasally lo 
face has big cheekbones but rhomboid orbits, and combines shallo 
chin with average jowls to emphasize an ord trapezoid more tha 
hexagonal facial outline. The salience and curve of the large nose col 
trast with the very orthognathous face and tend to continue the line « 
the forehead in a form of ‘‘Classie Greek profile’. The chin is prom 
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aent, an urban degree of overbite correlates with lessened teeth wear, 
slightly more crowding, and further suppression and cusp reduction of 
‘hird molars. inane: Mediterranean and also Alpine increases ex- 
dlain these changes, with Alpinoid domination tempered by persistence 
of an Iranian strain linked closely with the Dinaric-Mediterranean. A 
‘ise in variability is partly explained by lack of smooth blending and 
sonsequent average association of Dinaric-Mediterranean braincase 
with Dinaric-Iranian nose set unexpectedly in an Alpine face. This 
argely parallels the changes brought by the Dorians, and suggests in- 
iltrations from the mountain plateaux of southern Illyria (Schwidetzky, 
40, and Weisbach, 1897 and ’07, summarized in Angel, ’42 b, table 3), 
since a true Dinaric compromise between Hallstatt Nordic, Mediter- 
ranean, and older Alpine strains appears to have been reaching domi- 
nance here at about the time of Roman penetration (compare also indi- 
ridual Carniola skulls of this date in Vram, ’03). But southeastern 
lources cannot be overlooked entirely (compare Ephesian Dinarics in 
Schumacher, ’26). And selection resulting from population reduction 
nust have been an important factor. 

' The Byzantine series has a small vault (significantly smaller than 
he Classical period) relatively higher and slightly narrower than the 
toman period vault, less muscular, and marked by prominent occiput 
ind less sloping forehead. The face is fuller-jowled and slightly nar- 
‘ower-proportioned, with smaller cheekbones and tilted oblong orbits. 
‘he nose is smaller and much less salient: too weak to dominate slightly 
srominent mouth and pointed chin. Slight overbite and teeth crowding 
‘ontinue, and teeth loss and caries increase. This stereotype is ade- 
uately explained by juxtaposition of gracile Mediterranean and Alpine 
ominances, with enough Nordic-Iranian influence to deepen and square 
p the lower face. Lack of smooth blending of contrasting types paral- 
213s the Roman as opposed to the Classical period, and is likewise re- 
ected in high average Byzantine variability. Although it seems very 
robable that Alpine (-Dinaric) and Nordic-Iranian minorities were 
rought into Byzantine Greece by northern invasions such as those 
f Slav- speakers and Avar camp-followers, the Mediterranean increase 
oints to maritime immigration, except for individuals of Pontie Medi- 
erranean type (Coon, ’39, p. 617) who may have been among invading 
fordic Slavs (Slavic urnfields sample in Debetz, 730). 

No type frequency predictions have been worked out for the small 
aries of living Greeks from around the isthmian region, since esti- 
ated skull measurements like those of the next to last column of table 
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can never be certain, although they allow comparisons.24 The aver- 
ge is a well-filled and fairly high-headed brachycephaly, with high and 
road forehead and nonprotuberant occiput. The face is broad and not 
xcessively high, somewhat square in outline, and marked by broad 
ywls, strong chin and cheekbones, long, thick, and straight (- convex) 
ose, and poor teeth with a aevelaned overbite. Alpine dominance is 
nked with a pervasive though limited Dinaric trend and contrasts with 
strong Basic White minority. Gracile Mediterraneans are common, 
nd Nordic-Iranians not absent though rarer than in north Greece.2* 
‘he modern Greek series resembles the Roman more than the Byzantine 
ample and continues Roman period trends away from the Classical 
eriod norm. This shows the racial continuity between ancient and 
,odern Greeks, though the modern sample differs considerably from 
ncient Greeks taken as a whole. 
Next to their heterogeneity, this unbroken racial continuity of the 
reeks is the most important conclusion from the outline of their racial 
istory. Continuity does not mean stasis. And several long-term trends 
3 perceptible in tables 6, 7, 8 and 9 in addition to the period by period 
rcial fluctuations. 
|The major racial trend is a gradual shift from a virtually long- 
saded, ‘‘Mediterranean’’ mode toward an Alpine norm, with incipient 
inaric features subtly added *° as suggested in figure 13. Inclusion of 
Ipines with southeastern as well as with northern immigrations into 
reece may well be one reason for this trend, which derives inextricably 
om alternation of two contrasting racial complexes. One is a dolicho- 
orph and mainly Mediterranean blend, generally unified, and charac- 
ristic of periods of cultural unity such as the Mycenaean and Classical, 
ith weaker effect in the Early Bronze Age. The other is marked by 
Jpines either mixed with or next to Nordic-Iranians, heterogeneous, 
ad occurring in phases of invasions and confusion such as the Middle 
ronze Age, Karly Iron Age, and Roman period. The Byzantine sample 


4 Estimates are based on the skin thickness and bone shrinkage allowances given by Krog- 
: , 739, assuming that caliper pressure is equal to his tissue dehydration allowance. 

The sample has the following geographic derivation: Doris and Phocis (5); Boeotia, C. 
boea, Megaris (5); Athens (5); Corinth and Argolis (5); rest of Peloponnese (11) - 
nian islands (6). The sample differs surprisingly little from that presented by Coon (’39, 
, 606-607), drawn from American Greeks, but is less Dinaric (or Armenoid) than Weis- 
sh’s (1881) non-ancient Greeks almost wholly from Turkish territory. The present sample 
»bably underestimates stature and head length. 

¢ Supported by specific trends: cranial index rise; better filling of braincase; rise in vault 
ight after Early Iron Age; shorter, wider, flatter frontal; broader, shallower-chinned, more 
shognathous face, with wider and bigger nose and broader jowls. 
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combines both complexes, perhaps because of too great a time span.) 
These fluctuations have been linked with sea-borne immigrations fro 
south and southeast and with invasions from north, northeast, or ea 
respectively, and with the absorption of such intruders by the e 
tablished population of Greece. This forms a regular cycle of raci 
change so timed that the fluctuations describe an irregularly spiral pa 
around the central racial trend. 

Two less sweeping trends are interesting because the type predi 
tions in table 7 show them incompletely or not at all, and they are ther: 
fore emphasized by their departure from prediction. The first of the 
is a steady increase in nose size from Middle Bronze down to Roma 
times, and then down to the present day. Roman period nose heig 
significantly exceeds Middle Bronze or Mycenaean values, and no 
breadth almost does so. This is shown weakly in the predictions fro: 
Mycenaean times onward, and must be some sort of Dinaric-Irani 
genetic recombination. 

The second trend is a rather sharp rise in bigonial breadth starti 
earlier than the slight Alpine increase in other face breadths and co 
tinuing less markedly down to modern times. This shows a steady d 
parture from predicted values. It springs apparently from Nordi 
Tranian and Basic White recombination of linked genes, with seconda 
association with Alpine features. 

The major non-racial trend is a general increase in stature, especial 
from prehistoric into historic times, utterly unpredicted by morph 
logical type changes, and supported by a less clearcut increase in he 
size, involving horizontal circumference and skull base length especial] 
up to Roman times, with a definite drop in the Byzantine period. B: 
zantine stature may be overestimated. And it is virtually certain th 
this size increase is environmentally caused by a steady improveme 
in diet and hygiene from prehistoric to Classical and Roman tim 
followed by a medieval lapse.”® 

The dentition of ancient Greeks shows many interesting chro 
logical fluctuations, with one major trend worth stressing. This is 


“Fluctuations supported by rise im cranial index in Alpine-influenced phases, with ful 
vault, lower and more hexagonal face, lower orbits, and probably greater nasal saliency. 
posite in other periods. Selection and emigration are probably as important factors as immig 
tion in causing these fluctuations which the type frequencies tend to exaggerate. 

% This is demonstrable lengthily from food remains found by archeologists, by various im 
cations of improvement in agricultural methods, and from historical records. After an i 
dence of over 20% in E.H. times, osteoporosis of parietals or orbital roofs disappears u 
Roman-Medieval times. Life expectancy increases up to Classical (-Roman) times, with si 
sequent drop. The same is true of population size. | 

| 
| 
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orphological complex involving more overbites, slightly deeper 
enoid fossae, probably more crowded teeth and more alveolar ab- 
rption, degeneration of the third molar, and shallower and slightly 
ore prominent chins. It develops from prehistoric to historic times, 
aching full bloom in the Roman period and again among’ living 
reeks. This masticatory degeneration clearly is linked with use of 
ore ‘‘civilized’’ food, with other causes less obvious, though a con- 
section with increasing Alpine influence seems unlikely. 

From a broad anthropological standpoint fluctuations in variability 
e the most interesting ones. Mycenaean and Classical periods of 
mmercial success and high cultural achievement both show a ‘‘nor- 
al’’, relatively low, variability with dominance by a single ‘‘ Mediter- 
mean’’ racial amalgam: a smooth pan-mixia of potentially contrast- 
g genetic tendencies. These periods follow and precede historic 
iases of invasions, isolation, and cultural confusion marked by high 
riability with an even balance between contrasting types or a struggle 
r dominance between two divergent type complexes. Thus a pattern 
| vigorous outbreeding and rapid racial fusion marks the transition 
pm Middle Bronze Age to Mycenaean and less extremely from Early 
on Age to Classical period: formation of a successful culture is 
‘ked with formation of a smooth racial blend. The relatively slight 
se in Early Iron Age variability ?° is a function of the relatively short 
ration of the Dorian invasions with less complete cultural depression 
an in other periods of turmoil. Hence the major trend in variability 
a significant drop from the elevated Middle Bronze Age level fol- 
ved by a stress on racial fusion into the Classical period, with subse- 
nt rise in variability and in racial heterogeneity. This trend makes 
arer the association of reduced variability and racial fusion with 
sh things as population increase and free intercommunication be- 
2en easily isolated harbors and valleys, as well as general high 
el of culture.*° 

Thus although the use of types allows a more dynamic understanding 
in otherwise possible of the connection of changes in variability with 
e mixture, it does not show the ultimate causes of racial fusion nor 
precise relation of this process to cultural achievement. These 
ngs obviously would be of great psychological, social, and historical 


Raised variability shows in the extra-modal observation percentages in table 9, and site 
ips look very heterogeneous early in the period, though metrie variability is not high. In- 
ion of Cephallenians would raise variability sharply. 

‘An interesting reduction in speed of racial change, as shown in tables 6 and 8 by the degree 
ifference between periods in racial types and in measurements, accompanies both population 
ease and cultural rise. 
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interest. Without a more detailed sociological analysis it is impossib 
to draw far-reaching conclusions along these lines. But race mixtuj 
is a genetically stimulating process (Ashley Montagu, 42, pp. 98-1001 
and the facts arrayed by typological analysis of Greek racial histon 
support the historical principle that great peoples are as intense 
mixed biologically as culturally.** 


GENETIC REALITY OF TYPES 


Any attempt to generalize the characteristics of a population mut 
be a compromise between two abstract realities: (1) every individ 
in a group living together as a social or socio-political unit, and ( 
the distribution and linkage-combinations of genes in this breeding un; 
One arbitrary compromise is the synthesis from arithmetic means | 
an average individual with variability constants to show the spread | 
the rest. The second compromise, stressed here, is the equally arbitraz 
analysis of relatively discontinuous phaenotype groups, in the ho 
that these result from correlation between genetic characters whi 
arithmetic means overlook. Even though the inevitable artificiality 
such types prevents close accord with flexibly shifting genetic linka 
groups, this analytic method is a closer approach than the synthe 
average to the reality of a society, since it takes some account of ¢] 
differences between individuals. 

It is widely differing individuals who originate or maintain a 
culture. Neither imaginary average individuals nor varying gene fr 
quencies can do this. Changes in quality or level of culture and con 
tioning of the environment of later generations occur as the product 
interactions of individuals, greatly affected by the differences betwe 
them, rather than as the sum of solitary thoughts and acts of each or 
This greatly enhances the value of the types’ illumination of individ 
divergences. 

The arguments and facts already given are enough to show that t 
types do approximate at least one set of genetic linkage group s 
divisions of the population. 

Three drawbacks to use of types are equally clear. First, the t 
cannot make allowance for formation of new genetic combinations, 
shown by failure of type predictions to forecast trends in Greek jo 
breadth and nose size. Second, the types are further subdivisible bo 


“ This essay is too compressed to include the precise racial makeup and origins of each 
the specific peoples included in the Greek ethnic group. The reader ean deduce for him 
from the text and from figure 13 such probabilities as that the Dorians were of mainly Alp 
and Dinarie composition, with a Nordic strain suggested in many individual Dinaric sku 
and that the bulks of them may have come down by slow degrees from what is now Bosnia. 
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because they are made up of more homogeneous but statistically un- 
useable subgroups, and because they show irregularly high variabilities 
in isolated measurements, more often in face than vault. Third, the 
types cannot allow for environmentally determined changes, such as 
those caused by nutrition. 

The types are too rigid and somewhat too composite to reflect pre- 
cisely all the subtleties of genetic fluctuations in the Greek population. 
But they do have some genetic reality, and in clarifying the process of 
new genetic additions during invasions with subsequent mixture and re- 
combinations they give a much more brilliant picture than averages 
alone. And I conclude that use of types even unsupported by elaborate 
statistical testing, as in Coon, ’39, is a completely valid process as long 
as the artificial rigidity of such types is recognized. 

: SUMMARY 


1. Ancient Greeks as a whole are unusually heterogeneous. 

2. Their high variability is 7% above normal, and expresses the 
contrast between six arbitrary morphological types: Basic White, an ill- 
filled, rugged, long-headed, coarse-faced version of Atlanto-Mediter- 
ranean; gracile, dolichocrane, pentagonoid Classic Mediterranean, with 
narrowed triangular face; muscular, well-filled, long, hawk-nosed, rec- 
tangular-faced Nordic-Iranian; mesocrane and high Dinaric-Mediter- 
ranean: hybrid, with long nose in long hexagonal face; intermediate 
(Mixed Alpine, with puffed-out mesocrane vault, big forehead, and squat 
oS and round-headed, blunt-faced Alpine. These types are validated 
by close comparison with non-Greek groups, by their low variability, 
and by their generally successful predictions of period groups. 

| 3. Greek racial history shows an alternation of an overwhelmingly 
'‘Mediterranean’’ complex reflecting southeastern maritime infiltra- 
sions, and a more balanced Alpine-influenced combination of all types 
reflecting northern invasions. The former is typical of Mycenaean and 
Classical periods and occurs in the third millennium B.C. The latter 
Jominates Middle Bronze, Early Iron, and Roman periods, with com- 
oromise effect in Byzantine. Within these fluctuations of opposing 
sendencies the major racial trend is in an Alpine direction, with minor 
inaric specialties. 

4, Racial continuity in Greece is striking. 

j 5. Some trends, such as increase in nose size, reflect genetic re- 
sombinations, others, such as gross size increase, respond to environ- 
mental changes. 
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6. Reduction in variability in Mycenaean and Classical periods off 
historic achievement is associated with outbreeding, or racial fusion, 
linked in turn with population increase, slowing of racial change, an 
ease of communication. I conclude that the Greeks, like other out- 
standing peoples, benefited from their mongrel origins. 

7. Racial types as used in this study have a considerable eenetic 
reality, shedding light also on genetic changes which they are too arti-! 
ficial to express, and giving a much more dynamic picture of racial| 
history than is available from arithmetic means. 
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\NTHROPOLOGISCHE UNTERSUCHUNGEN AUF BALI UND LOMBOK. 

By J. P. Kuetwee pe Zwaan. Medeelingen van de Afdeeling Volkenkunde 
van het Koloniaal Instituut, Leiden, extra ser. no. 4, 1942, 322 pp. (374 
photographs by Mrs. Kleiweg de Zwaan.) 


We have to thank Prof. de Zwaan for another important study on the soma- 
ology of the Netherlands East Indies. According to press accounts he spent 
» months, beginning in September, 1938, in the islands of Bali and Lombok. 
n Bali he worked in the prisons of Den (= Southern) Passar (= Market), 
Carangasam and Singardaja; the tourist resort of Tenganan, in the artistic 
enter of Ubud; and in the mountain resort of Kintamani; he also studied 
roups of Bratan Sembiran in the north. 

' Prof. de Zwaan was interested above all in east Lombok, because here the 
salinese influence is less pronounced.’ In this island he worked in the prison of 
selong ; and later in Sewela, where there were people from Sapit and the moun- 
ain villages of Sembalun. 

' The results of this study form a voluminous book weighing over 4 lbs. 
t is rich in detail. Besides the usual anthropometric observations there are 
acluded studies by Mrs. de Zwaan on dermatoglyphics and taste sensitivity. 
semembering perhaps the words of Prof. Joachim Pires de Lima: ‘‘Theories 
‘ane but facts persist,’’ Prof. de Zwaan’s publication is chiefly of a descriptive 
ature and almost devoid of any attempt at racial deduction and synthesis. A 
etter title would have been ‘‘ Anthropographiec Studies.”’ 

The basis for anthropographic studies in this region should be the congeneric 
omogeneous group of the smallest settlement, the padoekoean (hamlet, from 
oekoe —t 0 sit down), where the people live and intermarry in the same en- 
ironment. These homogeneous communities form the cornerstone of the desa, 
ie administrative unit. Because of the pronounced endogamy in these settle- 
ents, there are often great somatological differences between the padoekoeans of 
1e same desa. This is shown, for instance, by the stature and cephalic index 
hich I obtained for the Desa Pengoenboelanadi in the central limestone moun- 
tins of Java (Goenoeng Kenoeng), made famuus by the Trinil and Ngandoeng 
yssils. If we were to combine the padoekoeans Gradjan and Doekoepengaran we 
1ould be convinced that they were a tall population with medium long heads 
stature 164,3; C.I. 81.7). If we were to combine the padoekoeans Delé and 
oemanding, we should have a totally different result (stature 160.1; C.I. 83.8). 
combining the padoekoeans Soemanding and Tjoelig we should find even an al- 
ost small, brachycephalic people (stature 158.5; C.I. 84.5). Thus the manner 
? combining tke basic communities often influences the results and makes them 
ore questionable than if the numbers were too small to allow the statistical 
ynstants to be calculated. Consequently, it is just as desirable to have averages 
ir the separate padoekoeans as it is to have individual measurements. 


+ However, in the remote parts of west Lombok live the interesting Bodha’s, who are almost 
iknown and even at present belong partly to the food collectors. 
| 377 
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In the case of Bali, however, Prof. de Zwaan not only has failed to give th 
data of the basic homogeneous populations, but also he has combined sever 
primary populations into one meaningless group. Furthermore, he has united 
three such combinations into a still more vague group called ‘‘ Bali Aga’’ or ‘‘Ba 
Moula.’’ He has assembled into another combination, which he designate 
‘“other Balinese,’’ individuals from all over Bali, including convicts without any 
congeneric link —the result of the locally unnecessary custom of studying 
prisoners. The first mentioned group is representative of the old Indonesia 
wood civilization; the latter groups of the Indian stone culture and “‘sacrec 
water religion.’’ We know hardly anything about the origin of the second group| 
it might have come equally well from Djembrana in the west, or Karangasant 
in the east, or the totally different north. Of the first combination we know aj 
least that it includes inhabitants of the strongly endogamic Tenganan desd 
in the tropical southern plains, of Kintamani on the crater wall of the Batoer 
voleano in the high subtropies, and of the endogamie Sembiran in the hot lime} 
stone hills near the north coast. Thus Prof. de Zwaan has disregarded the law 
of geographic proximity which was brought out in my studies in Nousantara{ 
Madagascar and Africa;? namely, that all populations living in the same bio 
cire * tend to be more closely related than those separated by great distances. 

Prof. de Zwaan profited from his sojourn in Bali and from the advice of ow 
mutual host, Dr. Soudjono, who helped me greatly during my visits in 1931 and 
1932 and who knows the Sasaks rather well, and hence the material relative 
to Lombok is more locally collected and much better classified. But here, too 
Prof. de Zwaan has combined basic connubial communities with the idea of 
getting lower mean errors from the larger samples. 

Brief mention should be made also of at least two questionable conclusions of 
a different nature: The first relates to the cephalic index; the second to ski 
color. 

Prof. de Zwaan is of the opinion that mountain populations should have ¢ 
higher cephalic index : ‘‘Man im allgemeinen in den Bergen einen héheren Kopf 
index erwarten sollte’’ (p. 141.) Accordingly, since the Kintamani group has 
a cephalic index of 81.06 + 0.200, which is just above the arbitrary limits of 
mesocephaly according to Rudolph Martin (but not above the limits set by Broea 
Deniker, Montandon, and others), Prof. de Zwaan declares the whole popula 
tion to be ‘‘brachycephalic.’’ Judging from my own observations, if he hac 
studied the padoekoeans of Goenoeng Batoer and Goenoeng Rindjani, he woulé 
certainly have found more mesocephaly.t This phenomenon is seldom foun 
on either island, especially Lombok, which is strongly influenced by the brachy: 
cephalic Soembawa. Nevertheless it is of great phylogenetic and racial diagnos 


*Geoserology of Nousantara. Congreso Internacional Hispano-Luso-Americano de Anat 


omia. Santiago de Compostela, 1943. See also: Geobiologie assimilation on the Sunda Areh 
Coimbra, 1944. 


* A primary natural geographic area. The biocires of the natural geographic area formed bs 
Bali, Lombok and Soembawa form a bioregion. 


‘That the Lombok mountaineers of Sembalun should have a higher cephalic index, highe 
head and higher height: length index than those of the plains population (p. 298) is unlikel 


Also, Prof. de Zwann does not mention the existence of a mesocephalie popul 


ation in Java 
which I reported in 1929, 
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tic value, indicating the more primitive layer of “Orang goenoeng’’ and the 
more progressive brachycephalic ‘‘Orang pantai’’ evolving therefrom. 

Using the color scale of Bruno Schultz, Prof. de Zwaan has come to the con- 
clusion, contrary to Rudolf Martin’s opinion, that the color of the unexposed skin 
of the chest is darker than that of the abdomen. Since my own findings, based 
on the Luschan scale (this becomes less deficient when the skin is moistened), 
indicate an increase in pigmentation in the caudal direction and thus accord 
with Martin’s, it is to be doubted that Prof. de Zwaan fully excluded the effects 
of the sun’s rays. 

Geobiological research is very difficult and it takes years of living on the spot 
before a thorough knowledge of a population and adequate technical experience 
are acquired. I myself began almost without experience and have had many 
failures, but at least I now know how it should be done. Even the most intensive 
statistical work cannot make good the mistakes made by research workers who 
have lost their ability through lack of practice or unfamiliarity with the envir- 
onmental setting. For this reason I favor field work being done by one specialist 
and laboratory work, which is of a totally different nature, by another. 


D. J. H. Ny&ssEn, 
Instituto de Antropologia 
Coimbra, Portugal 
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